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Jloxnanp Akagwemun nayr CCCP 
1961. Tom 137, N 1 


MATEMATHKA 
r. A. APEWIKHH 


HATIPABJIEHHS KOWM WH PACHIMPEHHS PEPYJISPHbIX 
MPOCTPAHCTB 


(IIpedcmaeazeno akademuxom II. C. Aaexcandposoim 14 X 1960) 


M3pectuo, 4To mpomecc Kantopa — Xaycgopda nonowHeHHuA MeTpHyecKHX 
HpocTpaHcts oOoOuleH Ha paBHOMepHble mpocTpauctTsa ('). B Hactosleit paboTte 
HOKAa3bIBaeTCA, YTO STOT MIpolecc NO CyMlecTBY He CBA3AaH C MOHATHEM PaBHOMep- 
HOM CTPyKTypbi H MOXKeT ObiTh OGOOULEH MO KpalHeli Mepe Ha BCCBO3MOXHEIe pe- 
ryJIAPHble PaclHpeHHA peryJIAPHbIX MpOcTpaHcTB. ITO WocTHraeTcA BBeeHHeM 
NOHATHA HalipaBseHuaA Kom, oOoOulatoulero KlaccHuecKoe NOHATHE Noceqo- 
BaTeJIbHOCTH Kouin. 

1. B fanbHetuiem paccMaTpHBaioTcA xaycopdoBbl TomosorHyecKHe MIpo- 
eTpanctBa. O6o3HauHM 4epes Ul Takoli OTKPHITLIN Oa3Hc MpoctpaHctBa R, Ko- 
TOpbId OONaqaeT cBolicTBamu: 1) ecan Un V EU, To UUV un UNV EN; 2) ecan 
Ueu, roR— [Up] EU, rye [H]g o6o3Hauaer 3aMbIKaHHe MHOxKeCcTBa H 
B poctpauctTsBe R. MuoxkectsBa Oa3zuca Ul HasprBarloTCA OK PeCCTHOCTAMH 
TipoctpauctsBa R. 

Henyctasa cuctema / mHoxectBa 6a3vca Ul Ha3biBaeTcA ero a-H Re a OM, 
eCJIM BbITIOJIHeHbI ycioBua: a) u3 U € J cnenyert, uro U + A (A o6o3Hauaer ny- 
eToe MHOxwKecTBO); b) 43 Un V €/ cnenyet, uro UMV ET; c) u3 UET, VEU 
uV _. U caenyert, uto V € /. a-ngean / HaspiBaeTcA I PHMAPHBIM, eCJH: 
d) us U=VU W, re UEI,aV u WEN, cnenyer, uTO no KpaliHew mepe 
OHO H3 MHoxecTB V u W mpuHnagiexuT J (*), 

Ilyctp I'(<) o603HauaeT HanpaBseHHOe YacCTHYHO yNMopsOYeHHOe MHO- 
*KeCTBO (4. y. M.) C TPaH3HTHBHbIM OTHOINeHHeM < (cM. (°)). Konilom Halpasuie- 
Hua I’ na3pipaeTcA Takoe eFrO MOJMHOXKECTBO, KOTOPOe COCTOHT H3 BCeX 3JIeEMeH- 
TOB Y < Yo Ain HexoToporo yo€l’. Becom yu. y. M. I’ Ha3pipaetca HaMMeHbIIAt 
MOULHOCTb T, AIA KOTOpOM cytlecTByeT nosmMHoxecTBO I; Cc I momuHocru T, 


KOHuHaIbHOe (C)T. 

Hanpapjienvem MHoxecTB B R HasbiBaeTCA BCAKAA (HellycTad) cHcTema 
{H,}p erO MOAMHO*KeCTB, HHACKCHPOBaHHaA C MOMOMIbIO HalpaBJIeCHHOPO 4Y. y. M. 
Yr. Ecou T, CT, to {Hy}p, Ha3piBaetca nof_HanpaBsieHHeM HalpaBJeHus 
{H,}r. Beaxuit a-ugean 7 6a3suca ll MomHO paccMaTpHBaTb KaK HallpaBuJeHHe 
MHOXKecTB Mo BKOUeHMIO. J = {Uy}p, re y1 < yo (1, Y2 ET) o3Hauaet, uto 
Uy, 3 U,,. 

HaviMeHbuiaA MOULHOCTb, OOJbIIad HIM paBHadA BeCy BCAKOFO IpHMapHoro 
a-wyeasia 6asuca ll, HaspiRaeTCH IOKANbHBIM BeECOM NPOCTPHY auL- 
ecTBaR oTHOCHTeAbBHO Ga3zuca Ux oOosHayaetca Yepes T (R, VU). 

Ilyctb x € R. B yanuelimem uepes /, oOosHadaeTCA CHCTeMa BCeX OKpecrT- 


- HocTeH TouKH x. J, ABJIAeTCA MIPHMAapHbIM a-Heasiom Oa3unca WU. Bec t (x) Ha- 


npapsenua MHoxects /, He 3aBHCHT OT BLIOopa Oasuca Wl u HasbIBaeTCA Be- 
com NpoctpaucTBa R B TOUKe X. HavMenbulad MOULHOCT, O6/1b- 
wad WIM paBHad t(x) Aaa BeaKOorO X € AR, HasplBaeTcH MOKA bBHBIM 
BeCOM HpocTpauHcTBa R u OOosHayaeTca uepes tT (A). OueBuyHo, 


mro t (R, U) > v (R). 


* 


BepxHu¥M TONOMOTHUYeECKHM Mpeeaom It H, nanpas- 
r 


ylenua MHoxecTB {H,}p Ha3bIBaeTCA MHO*KecTBO H TakHx TOUeK X, IA KaxKDON 
oxpectuoctu U (x) KoTopbix cymlectByet Taxoe IT, CT, uro U (x) M Hy-A 
npn yél1. Hux HUM TONOMOTHYeECKHM Npeseurom it A, 
; 
HanpaBsleHua MHOwecTB {//,}p Ha3sbIBaeTCA MHOwKecTBO H BCeX TAaKMX TOUeK x, 
Kavklad oKpecTHocTb U (x) KOTOpBIX MepeceKaeTca c nmouTH Bcemu HH, (T. e. 
U (x)N Hy -A waa y < Yo) (cm. (4,°)). Hanpapnenue {H,}p Ha3soBem c x 0- 


namumea, ecm ItH, —=IthH,=H-HA, Ww YcnOBHO CxO a- 
Pr TT 
mumcs, ecau lt H, = It H, =A. 
r aw 


2. B cnyyae, korga H, ABAeTCA OMHOTOUCUHBIMH MHO?KECTBAMH, MbI [o- 
BOpHM O HanpaBeHHH TO¥eK X = {x,}p. BeaKoe HanpaBueHHe TO“eK MO?KET 


r 
CXONHTbCA TOMbKO K TOUKe. B 3TOM Cay4ae MbI MmHutem It x, = x, HH xX, — x. 
r 


Jlna Toro uTo6p! MHoxecTBo H C R 6bil0 3AMKHYTHIM, HeEOOXOAUNMO HM MocTaToU- 


HO, UTOObI OHO COsepxaO MpefeJbI BCeEX CBOHX CXOAAMMXCA HanpaBeHut ToO- 
yek MoulHOcTH < tT (A). LA Toro uTo6pl oToOpaxenne y = f (x) MpoctpauctBa R 
B IipoctpancTBo A’ OblwiO HelpepbiIBHbIM, HEOOXOAMMO H JOcTaTOUHO, UTOOHI u3 


r r 
X, > x B R cneqosano f (x) > f(x) BR’ Waa BeaKoro cxogsaleroca Hampassie- 
HHA ToUeK {xy}p MOIHOCTH < Tt (R) (cp. (9). 

HanpapjenHe Touek X = {x,}a Ha3biBaeTcaA HANpaBMeH HEM 
Kowu, wa, Kopove, K-HanpaBaeHHeM, OTHOCHTEALHO 
6a3unca U* ecaH cymecTByer npHMapHbl a-nugean 1x = {Uy} 6aszuca U, 
oO saqaroulvii ~CBOHCTBOM: 

(1) Jlna peaxoro y €I cyuiectByer Tako uHgeKc a (y) GA, 4TO mpu 
a <a(y) cmpaBelinBo x, € Uy. 

Besakoe nosHanpapsieHHe Y K-Hanpapnenua X camo aBsnetca K-Hanpas- 
JieHHeM, IpHuem B KayecTBe /y MOxKHO B3ATb JO60e /x. Beskoe cxomsmieeca 
HanpapsieHve To“eK MpoctpancTtBa R saBasetca K-HanpaBsenvem. 

Ecuun X u Y — kKakne-HuOyab Ba K-HanpaBjieHua, CxofauMeca K OHOH 
M TOM *#e TOUKe, TO CyllecTByeT TakOH MpHMapHBI a-Hean J 6a3suca Ul, uTo 
{= Ix = ly. a 

Jl BcaAKOrO MpHMapHoro a-Heana J cymlectByeT K-HanpaBenne X mott- 
HocTH < t (R, U) **, ana Kotoporo / = Ix. 

Ecam Bee okpectuoctu a-u“feaa J 6a3uca ll umeloT HemycToe nepeceyeHue 
¢ HEKOTOpbIM MHOxKecTBom H C R, To cyulecTByeT K-HanpaBseHue X MOUHOCTH 
<.t(R, WU), cocrapmeHHoe u3 Touek MHOKecTBa H, Ana KoTOporo Jx D J. 

B peryiapHom mpoctpanctse Beskoe K-HanpaBuenne HO00 CxoquTcA, HOO 
YCJIOBHO CXOHTCH. 

lua toro uto6n K-Hanpapenve X = {X_}4 CXOQMNOCb B peryAPHOM Mpo- 
CTpaHCTBe, HeEOOXOJHMO H JOCTaTOUHO, 4TOOHI It Seer i. 


Ec B perysiapHom mpoctpanctBe K-HarpaBseHwe X CXONTCA K TOUKe xX, 
TO" [9 SF TE: 

J\ia seaxoro K-Hanpapsenua X peryiapHoro mpoctpancrsa R- /x comep- 
*%KHT BCAKY!O OKpecTHocTb U 6a3uca Ul, qa KOTOpOH cyllecTByeT OKPeCTHOCTB 
V EU raxas, uro U D [V]z, aV cofepxKUT HeKOTOpHI KoHelL HanpaBnenua X. 


3. Kak o6pruHo, npocTpanctBo Rt HaspiBaeTcA PaACULHYPeHHeM Ip o- 
cTpauctTBa R, ecau R romeomoppuo HekoTOpomMy Mo_mpocrparctsy R’ 
mpocrpanctspa R+, Bewky miotHomy B Rt, 

Teopemal. ITycmb R— peeyanpxoe npocmpaxcmeo, \ — Kaxkoti-nu- 
6y06 e20 omKpoimeni Gasuc; & — mxoocecmeo ecex K-nanpasrenuti 6 R omxocu- 


* Mb ropopHmM mpocto o K-HalpaBuJeHHH TaM, re 9TO He BHISbIBAeT HeOpasymennit. 
** Tlox MouHocTbIo HampaBieHus {x}; MOHMMaeTCH MOMLHOCTh MHoxecTBa I’. 
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menoxo basuca WU mouocmu <t(R, Ul); R*— nodunoowecmeo K, e3nmoe 
emecmne C HeKOMOPbIM OMHOWeHUeM aIKeUeANeEHMHOCMU CO maKoe, “mo: 

1. Beaxoe X €&, cxodsmueeca @ R, npuxadaencum K*. 

I]. Ecau z= {X9/X3 € K"}8eq — HeKomopei Kaacc aKeueaneNmHoLX Opye 


Opyey K-nanpasaenuti, a {Ix,}ier(s) — cucmema é6cex coomeemcmeyrouux Xs 
coznacHo onpedenenuro n. 2 npumapHolx a-udeanoe basuca WU u 


oe Wa eS 


8EA IGL (8) 


“mo KAacc z codepocum ecakoe K-Hanpaenenue X E&, Ora KoMOpoeo cytecmeyem 
ipa re 
Il. Beau X u Y ER", npusem: a) ecau X —- xuY + xeR,moxX YY; 
B) ecauX > xuY >yeRux=-y, moX %Y; 0c) ecauX > x, aY ye- 
AoeHO cxodumca @ R, mo X mY. 
O6osHauum uepes R* mnoowecmeo @6cexX KAQGCCOB SKEUCAAEHMHOLX MedKOY 
coboti K-nanpaerenuti uz &*. Onpedeaum @ R* cxodumocmb no npaeuay: 
‘ IV. Hanpaerenue mouek {22} 4 mnoocecmea R* Has06em CXOOALWUMCA K mouKe 
z€ R*, ecau Onn ecakot oxpecmrocmu U € J, natidemca maKott uxdeKc ao GA, 
amo npua < a0 U codepacum nexomopeiti Koney stoGozo K-Hanpasrenua Xa € Za. 
| Boienum 6 R*cucmemy mnoocecme %*, codepacawjux npedenbt 6CexX CB0UX CXOOA- 
WUuUXCA HaNpasr»eHua mouek motuHOcmu < Tt (R, U). Ipumem ee 6 Kauecmee cu- 
cMmembl 3amKAYyMeLx MHOdcecme 6 R*. Tozda R* 6ydem Ti-npocmpancméom, 6Ast0- 
1UMCA paculupenuem npocmpancmea R. ITpu smom dynKyus x’ = @ (x), cmaea- 
lan 6 coomeemcmeue Kascdot mouke x GR Kaacc x’, codepsxcauut cmayuonapHoe 
K-wanpaenenue, noposcdenHoe moukoll x, ocyusecmeAsem 2eomeomopqHoe OMmobpance- 
Hue npocmpaxcmea R na ecwody naomnoe 6 R* nodnpocmpaxcmeo Re 


Teopema 2. IJlycme R — peeyaapxoe npocmparncmeo; R*— nexomopoe 
220 peeyAApPHOe pacuiupenue; R’ — nodnpocmpaucmeo R*, naomunoe 6 R+ u 20- 
meomop@xHoe R npu omobpascenuu x = @ (x); U+— Kakodl-nu6ydo omKpemenil 
6a3uc npocmpancmea r+, W=i aR’; u =o (iv’), 

O6osHa4tim Oanee 4uepes ® mHoscecmeo ecex K-nanpaerenuti @ R omnocumervxo 
6a3uca Wl mownocmu < t (R, UU); vepes R* — nodmxoxecmeo mex K-nanpasae- 


Aut us R, 06pase1 KomopelLx npu OMOOpaseHUU P cxodamca 6 R*. Beedem 6 K* 
omunowenue aKkeueanaenmxHocmu, nonazan X WY (X, Y €K*), ecau X = @ (X) 


uY = @ (Y) cxodamca 6 R* k odnott u moti oe mouke. To2da amo omnoulenue 6y- 
dem yoosremeopamb ecem Ycaoceusm meopemol 1, a noposcdaemoe uM, CO2AACHO 9mou 
meopeme, npocmpancmeo R* 6ydem eomeomop@no R*. I1pu smom 20omeomoppusme 
npocmpancmea R' u R' omo6pasxcatomcn Opye na Opyea dynkyued x =@ [p7 (x)]. 
4, Tlyctb R o603HauaeT MeTpHuecKoe mpocTpancrBo; ll — ero oTKppITbIii 
6a3HC, MOpoxwKMeHHbIi BCeMH OTKPbITLIMH ciepamuv. CBxaA3b MexKLY NOHATHAMH 
HanpaBseHua Kom oTHOCHTebHO Oasuca ll B cMbicuIe 1. 2 HM MOCcMeLOBaTeIbHO- 
ctu Kou B KslaccHuecKOM CMBICJIe yCTaHaBJIMBaeTCA CJIeXYIOULHMH TIpesio- 
_ 2KCHHAMH, 
VizpecTHo, uTo B¢aAKaad MOcMeMOBaTeIbHOCTh KouIM B KJIaCCH4eCKOM CMBICJIe 
C10Ba ABJIAETCA BIIOJIHe OF paHHYeHHbIM MHOMKeCTBOM. OKasbiBaeTCA, YTO BCAKAA 
 BIOJIHe OFpaHvueHHaA MocseqoBaTebHOCTh Kowim OTHOCHTeIbHO Oasuca UU 
' BcMbicsie n. 2 ABJIAeTCA NoceOBAaTebHOCTHIO Komi HB KJIACCHYeCCKOM CMBICJIe 
_ copa. O6paTHoe mpedoxwenHe, Boole roBopsx, HeBepHO. OfHaKO B cylyyae, 
_ Kora NoKasbHbI Bec t (R, ll) cueTeH, H3 BCAKOM MocesqoBaTenbHOcTUH Kou 
_/B KWJ@CCHYeCKOM CMBICJI€ CJIOBA MOXKHO BbIeMT MOLMOCICAOBATebHOCTh, AB- 
_ sIatoulylocs (BrouIHe OrpaHHyeHHo!) MoceqoBaTesbHocTHIO Kouw B CMBICJe I. 2. 
Bompoc 0 TOM, CYlecTBYIOT JIM MeTpH4eCKHe MpOCTpaHCcTBA, JIOKAJbHbIii BEC 
KOTOPbIX OTHOCHTeIbHO Oa3suca ll HecueTeH, OCTaeTCA OTKPBITHIM. 
| 5. Hasopem mpoctpauctspo R NOWHEM OTHOCHTe€ABHO ero 
OTKPHTOrO Oa3suca MW, ecu BcaAKoe K-HanpaBsenne B R OTHOCHTE/IbHO 


41 


+) 


3Toro 6a3uca cxomutcs B R. IIpoctpauctso R Ha30BemM 2OCOMWTHO 10 A- 
H bI M, €CJIM OHO MOMHO OTHOCHTeIbHO BCAKOFO eFoO OTKPbITOrO Oa3suca. 

Oxka3biBaeTCA, UTO BCAKH OHKOMMAKT ABJIAeTCAH AOCOJIOTHO TOJIHBIM Mpo- 
cTpaucTBom. J\1a Toro YTOObI HOpMasibHOe MpoctTpauctsBo R Opio O4KOMMaKToM, 
JOCTATOUHO, UYTOObI OHO ObIJIO MOJHO OTHOCHTeJIbHO CHCTeMbI BC€X OTKPBITHIX 
MHOXKECTB STOTO MpOCTpaHcTBa. 

Us sTux AByX MpeviowKeHnh MomyyaeTca ceqyloulad XapakTepucTuka OH- 
KOMIAKTOB. 

Teopema 3. ra moeo umobou Hopmadasrnoe npocmpancmeo R Oe1a0 OuKom- 
nakmom, HeoOxOOUMO U DOCMAMOXUHO BbINOAHEHUe OOHO2O U3 CAeOYHOUUX OBYyXxX YC- 
Aoeutt: 

I. R noano omHNOCcUMeAbHO CUuCcMembL BCeX e20 OMKpPobiMeLx mHOdecMe. 

Il. R adcoatomxHo noano. 


Iloctynuao 
29 IIT 1960 


UWMTHPOBAHHAA JIMTEPATYPA 
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Hoknagm Arkagfemun nayr CCCP 
1964. Tom 137, Ne 4 


MATEMATHKA 


tO. Ji. BACHJIbEB 


O CPABHEHHH CJIOKKHOCTH TYNMHKOB Jl. H. ®. 
WM MHHMMAJIbHbIX JI. H. ®. 


(I[pedcmaeaexo axademuxom A. H. Bepeom 10 VIII 1960) 


1, SameTKa OTHOCHTCH K TeOPHH JM3bIOHKTHBHBIX HOPM@JIbHbIX (opm (') 
(4. H. =.). B Hel u3y4aeTCH COOTHOMIeHHe MexKy COMKHOCTHIO MpPOH3BOJIbHOK 
TYNHKOBOH A. H. ct), H MHHHMAJIbHOM W. H. c., peaH3ylOuUlMx OMHY M Ty xe 
<pyHKuMio aureOppr JioruKu. JlaHHbili Bompoc MpecTaBJiseT MHTepec B CBA3H 
€ 3aaueH OTbICKAaHHA MHHHMAJIbHBIX Jl. H. (=. [locKoubKy aJIrOpHTMbI Aa Ha- 
XOMKCHUA MHHUMAJIbHBIX J. H. cP. TpeOy1oT Govbuoro MepeOopa (”), Ha mpak- 
_THKE YaCTO MpOH3BOAAT ylpomleHHe fl. H. G). pH MOMOWIM HeKOTOpOrO Ha- 
Oopa mpeoOpas0BaHHii, IpH4eM pe3yJIbTaT STOFO YIIPOWeHHA, BOOOWMe roBops, 
| 3aBHCHT OT MOcsefOBaTebHOCTH MpeoOpasoBanui. OGbINHO JIA KaxK OH Nocweso- 
| BaTeJIbHOCTH MpeoOpasoBaHHl Mpollecc OOpbiBaeTCA Ha KOHEYHOM ilare HW MpH- 
BOAT K Heympoujaemol 2. H. c)., HasbIBaeMoli TyNHKOBOH A. H. c). MuHMMasib- 
Hble J. H. :). ABJIAIOTCA OMHHMH H3 TYMHKOBbIX. Tak KaK YHCJIO TYIMHKOBbIX 
X. H. @, O4eHb OLICTPO pacTeT C POCTOM UHCJIa NepeMeHHbIX PeaJIM3yeMbIX HMH 
@yHKUHH, BLIOOp MHHHMasbHON . H. cd. H3 TYMHKOBbIX TpeOyeT OVeHb OOVIbLIO- 
ro mepedopa. 
Bo3HuKaeT Bompoc O TOM, B KakOl Mepe ONpaBAaHo pM OTbICKAHHH MHHK- 
MaJIbHOH fl. H. q). OFpaHHYMBaTbCA NoJyyeHHeM KaKOl-HOO TYyMHKOBOH 
A. H. . Cpequ HemaTemaTHKoB, HCMOJb3yIOUHX aMmmapaT A. H. @., pacnpo- 
_ CTpaHeHO MHEHHE, YTO MpOW3BO/IbHad TYMMKOBad A. H. CP. ABJIACTCA MHHHMAJIb- 
HOH WJM «MOUTH MHHHMaJbHO». B paOoTe nokKa3aHa OWIMOOUHOCTh MOOOHbIX 
MHeHHH. 
OCHOBHbI€ Pe3yJIbTaTbI OTHOCATCA K JBYM HalipaBjeHHaM. Bo MuHoxKecTBe 
BCeX @YHKWMH OT Nn MepeMeHHbIX MOCTpOeHbI TaKMe (YHKIMH, Y KOTOPbIX He- 


KoOTOpad TYMMKOBAaA J. H. dp. B Shara pas «cylo*KHee> MHHUMAJIbHOM 2. H. Op. 

Bmecte c TeM 1OKa3aHO, YTO B HEKOTOPOM MHOKeCTBE «MOUTH BCeX» (yYHKUHH 

' OT M TepeMeHHbIX AIA m060 dyHKUHH H3 9TOFO MHOXKeECTBA IPOH3BOJIbHaH 

_ TyNMMKoBas J. H. *). He MOET ObITb «COARHEe» MHHUMAM_HOH Ooslee YeM B 2 1 
_ pa3 H HOCTpoeHb! yHKWMH, Ha KOTOPbIX 9Ta OWeCHKAa JocTuraerca. 

2. Bsegqem caefyiouie oOosHayeHHA HM oMpelesieHHA. xX” — Hadop 

(M1, ..., Xn); x° — OOosHaueHHe x IpHo =—1u x npno =O, ® (f (x")) — 

dopmyna ®, peanusyromjan dyHKuHIO f OT n TepeMeHHbIX. KonbIOHKIHAMH 


OyeM HasbiBaTb BLIpakenusa Bua /\ x;! H peamusyeMble HMM (PyHKWMH amreOppi 
i 


sorukv, Boipaxkenusa xj! OyeM Ha3bIBaTb MHOXKHTeIAMH (M3) KOHBIOHKUMH 
i/\ xj'.CumBosiom X €® oGo3sHayaeM, YTO KOHBIOHKUMA X BXOAUT BA. H. dp. O. 
PR: 


a (K) — par Konbiwonkuun K (aucs0 MHowUTeIeh B K), Dim (K) = 
= n—r (K), rae n — 4ncno MepeMeHHbIX, (PYHKMMEH KOTOPbIX CUNTaeTCA KOHb- 
_ wuKuua K (7. e. Dim (K) — uncao HecyuleCTBeHHbIX MepeMeHHBIX B KOHIOHK- 
. ate BACH TOBOpHTb, YTO KOHbIOHKUMH K uw Q mepecekaiotca, ecJH 
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ByeM roBopHTb, 4YTO PYHKUMA @ NorsowjaeT PYHKUMW p, ec P-p = yp. 
B 9ToM culy4yae MHOXKeCTBO HaOoOpoB, Ha KOTOPHIX p = 1, ABJIAeTCA MOAMHOXKeE- 
CTBOM MHOKECTBA HAGOpoB, Ha KOTOpHIX P = |. KonbionKkuHio X, Morsomlaemyro 


(byHkuvel f, HAa830BeEM MHHHM@JIbHOM OTHOCHTeIbHO f, CH KOHBIOHKIMA X; — 


pe3yJIbTaT BLIVepKHBaHHA TepeMeHHOH x; B X — He Morsmomlaetca dynHKuHen 
/. KoHbIOHKUHIO Ha30BCM MHHHM@JIbHOH, eCJIH OHA MHHHMAJIbHa NO BCeM BXO- 
J\ALLMM B Hee TlepeMeHHBIM: 

JI. u. b. T (f) Ha30Bem TynmHKOBOH, ecu: a) Bce KOHBIOHKIHH K us T (f) 
MHHHMA@JIbHbI OTHOCHTeJIbHO f[; 6) Kaxkad KOHBIOHKUMA BxoZUT B T (f) TOMbKO 
OJMH pa3 H HH OfHa KOHDIOHKUMA K us T (f) He norsoulaeTcH AM3bIOHKUMeH 
OCTaJIbHBIX KOHBIOHKIMH U3 T (f). 

I (T) — 4ucno KoHBIOnKUHH BA. H. d. T; Y (ff) = max [I (T1)/I (T2)], 

La T, 


MaKCHMYyM a ber a BceM llapaM 71, 72 TYNHKOBBIX Jl. H. —. PYHKUH. /; 
Y (M) = max Y (f), M— MaHHoe MHoxwecTBo dyHKunh f; Y (n) = 


fem 
= max Y (f (x")). 
f(x") 
3. Ilyetb 3aqaHbl Pineaties fi (x®) wt fe (y’). Onpexenum dyHKuHI0 


am = 1 (x, y!, 2, w) = fr (x") zw fi (x*) ew fr (y) ewV f(y) zw. (1) 
OnpezeHuM 


n’ =n’ (x*, y!, z,w) = a(x", yz, a); an’ =a. 

Oxka3plBaeTCsA, 3HaA MO OMHOH TYNHKOBOH J. H. >. AA KaKLOH yHKHH 
fi (x®), fr (x*), fe (y’), fe (y: coorBerctBeHHo Tx, Fx PA Ty, MO?KHO HoerpOuTs 
Be TYNHKOBBIX J. H. @. AA 1. 

B cootTseTcTBHH c (1) ompeyenuM A. H. db. A (m) PyHKUNH Tt: 


T .2wVyT 2wyT zwyT ,2w. (2) 
Il. u. cd. A (x) cocrout u3 KOHDIOHKUNH Bua: Xzw, X’zw, Yzw, Y’zw, re 
X, X’, Y, Y’ — KOHBIOHKUH 3 J. H. —. Tx, Tx, Ty, Ty COOTBETCTBEHHO. 
Onpegenum 7. H. . B(x) yHKunu a7: 
VXYo'V VV XY'zy VXV20 VX Yo (3) 
X€T x X€T roe hed, 
very  Soount (Seo tOMapeees 
Y eT, € y Yer, 
Jliemma l. ZH. x. gd. A (a) u Bm) Aeantomca mynuxkosoimu. 


4. Bosspamascp K (1), (2) u (3), Has0Bem yHKUHH fi M f2 COCTABNAIONLUMH 
(yHkuHH wt, a W.u. cd. Tx, Tx, Ty,Ty cocTapasiouyumu g. H.c.A (x) u B (x). 
Jimnelinyio §«dyHxunio §6L (us) = u1 +... + us (mod 2) Ha3s0Bem dbyHKuHeh 
0-ro nopsjKa u O6o3HauHM 4Yepes n°. DyHKUHIO 1 Ha30BemM (byHKI{Hel p-ro Mo- 
pAwKa WH O603Ha4HM Yepes W?, eCIH ee CocTaBstomlMe fi (x") u fe (x) aBaAA- 
1oTCA (byHKUMAMH MopsaKa p— 1, npuuem |k —/|< 1. J[na mo6oro p > 0 
Hon >Np = 3:2? —2 cylecTByIOT (YHKWAH NopALKa p OT n TMepeMeHHIX. 
JIunelinpe dyHkwun L (us) u L (us) uMewrT MMIb NO OMHOH 7. H. cb. (ABM AIOMLeH- 
CA OMHOBPeMeHHO H TYMHKOBOH J. H. *.). [lostomy cocraBssiome 0. H. dp, 
A (x') u B (x*) naa bynKkuun a! onpexensiotca ofHosHauno, Jina a. H. db. A (2°) 
u B (nm), p >2, Bo3bMeM B KaveCTBe COCTABJIAIONLUX COOTBETCTBEHHO J. H. @. 
A (xP), Ale), A (ae), A (ae) u Bint), BYP), B(ne), BP, 
re pyHKunn 1?—* w ae! — coctapssioulMe PyHkuan x’, TynuKkosocts J. H. dp. 
A (x?) u B (x?) cnenyer u3 ea ie 

Yn Vn+2 


Teopema l. Y(n)> poe iy 5 Oy (1/V ny), 20e 2<0 Yn = 

eat 4 280 cay, 9 (VRNISUOR Vine lo VE 

WokasateapbertTsBo. Tlogcuuraem J (A (x?)), I (B (mm), Y (n*) gan 
yHKUHH WW? oT n (CyLeCTBeHHBIX) mepeMeHHBIX. IIpopepHM UMHyKUHel. 
14 


—————— 


mo p, 1<p< [log(n +2)/3], uro 1 (B(x) = 27", 1 (A (n*)) < 
— — p — — 
ae Pte > rue @ (p) = 2] T (2 * * 49% ") Hycrs 0?+!— ynk- 
k=1 
UMA OT 1’ = m + nz + 2 (cymlecTBeHHBIX) NepeMeHHBIX, re ni H Nz — YHCVIO» 
(cylllecTBeHHBIX) NepeMeHHEIX B ee CocTaBssIoNlMx, Mpuyem 0 < nz2—m <1. 


B cuay (3) J (B (x?#)) = 2" B cuny (2) 1 (A (n+) <a (p)-@ (p) x 


<Q (p) 


mt o—p 4 op 9 4 9—P HI 

pa Mia 7 , THE: alo) =z, eclH m= ne; a(p) = 
“re oP 

a2 407" econ m = ne — 1. Tax xax 4/0 (p) 9 (p) =9(p +1), 


to [ (A (xP) <@(p + 1) 20-2 Pet) 42—2-P 
IIpopepka Aa p = | npoBogutcs, ucxoqa u3 Tex xe dopmyu (2) H (8). 


ee 1/2k—1 Pr ot /2k 
Ouenum @ (p): P(pP) == [TU +2° +) | [2° <2. 
\ k=1 kR=1 
Oxonyatembuo umeem I (A (n°) <2" ?t2 P42 TB (qr) —9"—? Y (n) > 
SY (a?) D1 (B (m*))/1 (A (x) > partinh plan” cot ae pu p = [log Vn]= 
= logVn—e(Vn), © (Vn) = log Vn — [log Vnl nonyaum JoKa3piBaemyto- 
- OWeHKY. 
Daeenpema?. Y (n) <2”"/n. 
6. Hasopem pa3mepHoctbio dbyHKunu f HW OOo3sHauuM Yepes Dim f uucu0 
-max (Dim K), rae Makcumym Gepetca no BceM KOHBIONKUMAM K, norsoulaemMbimM 
dyHkunen f. O6osHayHM Yepes Mp (ny KMacc PyHKunii f (x”), y KoTOopprx Dim f< 
< D (n). Byzem rosoputs, uto dyuKuna f(x") ompemeaeT Kacc Mpn), eC 
Dim f = D (n). Ecan Di (n) < Dz (n), TO Mp, (ny C Mp,n). HasoBem pasmep- 
HOCTbIO J. H. —). © u o6o3HauuM uepe3 Dim ® uncno max (Dim K). 
Ke® 


BS Wemma2. Y (Maw) <2°™. 
mem ao. Jiycmo. * = 2 (x*, y°, z,w). Dima? = DimA (Ge) = 5, 
Di 1_y Y 
2 m — 
tr eel 
Jima okasaTenpcTBa JIeMMbI JOCTATOUHO YCTAaHOBHTb, 4YTO MHHUMAJIbHbIMH 


| KOHDIOHKIMAMH OTHOCHTeCJIbHO ©) ABJIAIOTCA TOJIbKO KOHDIOHKIMH H3 @opM 
‘A (x) u B (x), 


nt = L (x) zw \L (x5) zw\/ L (y’) wy L (y’) zw. 


Teopema 3. va «smboti weaouucnennot pacmyweit dynkyuu \ (n) 

BY (Mp) ~ 2° npu D (n) = n/2 —» (n). 

Uro6n 2oKa3aTb TeopeMy, Hao B KaxKloM Ksacce Mp (ny, D (n) = n/2 — 
_—} (n), yKa3aTb Takylo onpeyesmrionlyio (CM. onpesesenne) ero PyHKIHIO Yp,(t”), 

Di 

B70 Y (‘pa) -2 4A mpH n— oo, MyHKunn wv? (u") B OMpesedAemMEIX UMu 
‘ knaccax Mp (ny, D (n) = Dim 7°, ne ator pelleHua 9TOM 3afauu, Tak KaK MOxK- 
. 


bs} - ==) p — QP 
E WoKasatb, uro ‘pw p>>O Y (m?)-20°™™ <2-**)_ Ho, oxasnipaer- 


f 


Ca, pacnonaraa dyuKunet sm (v"), k = 2s + 2, MoxKHO MOCTpONTb PyHKIUHIO. 
bn (u), n >k +2, y Kotopoit Y (,) > =e al -2Y (nt (vu), a Dit th, <= 
== Dim «*, Trak uTo 
—Dim y, sei 

ery (4) 


Y (%,) 2 


(vorma xax Y (n).27-?7'™™ = 1/2), 

Onmpascbh Ha cylecrBoBaHve (byHKUHii pz, HETPpyAHO NoKa3aTb cnpaBer- 
| JMBOCTb Teopempl. B camom lene, mpuMem k = n — 2p +2, Torna dyHKuna 
in OYAeT oNpekenstomeh Ama Kaacca Mp (ny upH D (n) = n/2 —»p, TaK kak 
15. 
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Dim p, = Dim at = k/2 —1 = n/2 —p =D (n). B cuaty (6) pH 9TOM 3Ha- 


—Dim %, 
yYeHHM Mapametpa Oyjlem HMeTb Y (pz) -2 => B noes 74 . Ilockompxy p (n)> 
— oo mpu n— oo, lim Y (pp) oaale >> 1. StoT dakT BMecte c semmon 2 
‘oKa3blBaeT Teopemy. 
Tloctpoeune PyYHKUHH , (u"). Tlepemenupie u* pazo6bem Ha 


4 rpynmpi: x’, y’, Z?, w?, re n = 2s 4 2p, 2s +2 =k. Jaa kaxgoro o = 


p 
= (01,...,0)) Ht=1,..., p MOCTPOHM KOHBIOHKUHIO RR; -= /\ zwei : 


Onpezetum (yHKLHI0 
pa (x*, y®, 2°, WP) = \/ Ri, oy G(X, Y*, 21, Wi), 
i, oa 


re t= a} (x5, y*, ZN, o, wi, ¢) AE olen Gey oe alos -Ponimadion 
CanencetsBue. IJIycme D (n) = [logn] +1. Toeda, no meopeme 3, 
Y (Mp) ~ n-2**™, ede e (n) = log n — [log nl. 
IIpsambiMm MokcyeTOM HeTPyAHO TipoBepuTb, 4TO B KMNAacc Mp in), D(n) = 
= [log n] + 1, BxoqaT «mo4TH BCe» PyYHKUMH OT lepeMeHHBIX a 
7. Ilyctp J(T)—uncno OykB B TynHKoBOH g.u. gd T; Z(f = 
= = mae [J (71)/J (T2)], rye MakcHMyM Gepetcsa no Bcem mapam 71, 72 TYNHKOBBIX 


q. iy a pyuKuun f; Z(M) = phe seater rye Mt — WaHHoe MHOKeCTBO PyHK- 
wun f; Z (n) = max-Z (f (x")). 


f(x") 
Ilyctb 71 nu T2 —Tynukosble 2. H. bd. cyHKunH fF. Hr -a (71, T2) < 
<TH *b (T1, Ta), ree a@(T1, Ts) = min [r(K)/r(Q)], 6 Cipt ay 


= max [r(K)/r(Q)] no Bcem KET1, QET2; K w Q— konbionKuHH H3 71 HT: 
-COOTBETCTBEHHO. 
IIpumMeHax 3TO COOTHOWeHHEe, MOXKHO H3 Teopem 1, 2, 3 noyaHTb TeopeMEd 
1’, 2’, 3’, aBmsaioulHeca aHasoraMu MepBpIx. Jia 3TOrO B KaxKJOM CJlyyae Halo 
-O@HHTbh MHOXMKUTeIH a HO, 
97—Tn Va 


Teopemal’. Z(n)> aoe (bo CU), 


Teopema2’. Z(n) <2". 

Teopemasd’. na ambok yenrouucaennotk pacmyiyet dbynKyuu p (n) 
Z (Mp in) ~ c (n)-2?™, ede c¢ (n) = niin —D (n)l, D (n) —"a/2 —v (n). 

CnenctBue, Z(Mpognj1) ~ 1:2 ~ ™ e(n) = log n — [log nJ, me. 
8 cuAy caedcmeua meopemot 3 Z (Mpiog njti) ~ Y (Mpiog nj41)- 


MockoBcKHH YrocyapCTBeHHbIii yHHBepCHTeT Tlocrynuso0 
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“flo wma abr AkayleMHu HayrR CCCP 
1961. Tom 137, Ne 1 


MATEMATHKA 


A. Jl. BEHTUEJIb 


HEOTPHUATEJIBHBIE AX UTHBHBIE ®YHKILMOHAJIDI 
, OT MAPKOBCKHX MPOLECCOB 


(I pedcmaeaeno axademukom A. H. Koamozopoeum 18 XI 1960) 


Tlocranopka. 3af,au, paccMaTpHBaeMbIX B STOI 3aMeTKe, CosepxKHTCA B O6- 
30pHoM foKJaye (*). Ilo noBpoxy TepMuHouorun uM oOosHayeHHi cm. (1,2). 
IlycTb aH OHOpomHblii MapKoBCKHH mpouecc X = (x;, 6, M, Px,.64). 
lof HEOTPHUATEALHBIM AAAUTHUBHLIM “ORHOPOAHHIM. DyHK- 
MMOHANOM oT X MbI NOHHMaeM cbyHKUMIO P§ (@) OT 9/eMeHTAapHOrO COObI- 
THA @ HOC st < oO, yoBNeTBOpAIOULyIO CeAyIOULHM YCJIOBHSAM: 
cs ferd ; M3Mepuma Mo © OTHOCHTeABHO O-anreOpbl, MopoxkLeHHOH COObITHAMH 
{Xu € Be aa < a 
CymujecTByeT MHoxKecTBO NV, uMeroilee Py-mMepy 0 Takoe, 4To npu @ & N Bpr- 
NouHeHbl yciopua b, .B, V, I: 
B. Pe ae = QF. 
nee c= = On9% (pH 9TOM, eCIM Mpotecc OOppHrBaeTcs, K MoMeHTY h, moma- 
raem O,p$ = 0; Takum. oOpasom, ecIM MOMeHT OOpbiIBa € << co, pi = 0 mpH 
CXs<t<o). 
Yr. ONG < oo. 
JI. p} Herpepbipna cmpasa m0 f¢. | 
Mp 6yeM TroBOpHTb KOpOTKO «PyHKUHOHaJ», OMyCKas «HeOTPHMAaTeJIbHbIL» 
pu T. TI. 
Ec 9} — PyHKIMOHAa, HENPepbIBHbI CIpaBa Take M0 S$ (3TO BbIMOJIHeHO 
ABTOMATHYeCCKH, e€CJIH TOJbKO Po < eg an V8) 


F (x) = Ms%, (1) 


9KcWeccuBHaA cynKuua, T. e. f (x) > 0, Tif (x) = Maf (x) < f.(X), Tif () 
— f (x) (t-0) (cm. (3,4)). Takoe mpeycTapjeHve 9kKcHeCCHBHOH dbyHKmHH f (x) 
OyeM Ha3bIBAaTb MpefcTaBeHHeM B Bue OOOOMIeHHOrO NOTeHIMawa. 

B. A. Bouwkoucexnit (*) RoKa3au, 4To 9KcIeccHBHad dyHKuusa f (x) mpexcra- 
BMMa B Bue OOOOMLEHHOFO NOTEHMHavla, eCJIM OHA: a) OrpaHnuena; 6) YHCTO 39K C- 
meccuBuHa: T; f (x) 0 (too); B) T+f (x) — f (x) paBHomepHo no x npu 
t — 0. Ilpu stom coorsercrByromMi dyHKUMOHAa } 3agqaetca cbopmysoii 


ps = lim 
h>0 


ey a 
oe ela ay (2) 


B CMbICJI€ CXOMMOCTH 110 BepOsTHOCTH. (Ecum mpouece oOppiBaetca K MOMeHTY U, 
BMeCTO. NOMbIHTerpasibHoH (byHKuMH Oepetca 0.) 
Mbt 6ynem paccMaTpHBaTD JIM TAK HaSbIBaeMble CT aH ap THbIe MapKoBcKue 
“ripomeccni (ompesésenne cm., Hanpumep, (*)). Luc ysvounpie mpoweccbi 4 Ooub- 
IUMHCTBO [PyTHX , paccCMaTpHBaembIX KJAaCCOB NpoleccoB ABJIAIOTCA CTAHapT- 
_ HEIMH, 


: 2 JIAH, rt. 137, Ne 4 7 


Teopema 1. /Tycmenpouyecc X makoe,4mo A‘basn O2paHudeHHaHn LUCMO 9KC- 
YeCCUBHAAA PYHKYU Npedcmasuma 6 Bude OOOOLWEHHOZO NOMeHYUaAA, NpuLeM Ccoom- 
eemcmeyrouutl dynkyuonaa sadaemca opmyaot (2). Toeda dan moeo, umobol 
KONeUHaA aKYeCCuUBHan PyNKyus | Oblaa npedcmaeuma 6 Bude OO0OWYeHHOZO NomeH- 
yuana, HeEOOxodUMO t Oocmamo4KO 


Mz f (%.45,3) 79 (2 > 0%) (3) 


Oana ecex x. 30ecb t{ f >n}— momenm nepeoeo OocmusceHUA mHoKecmea 
{x : f (x) > n}; @ynKkyusa nod 3HaKom mamemamuueckoeo OscUudaHUA NOAaeaemncaA 
paeHowl HYAtO, ecAU Npouecc He OOcmueaem smoz0 MHOMKeCMEA. 

JlokasaTesIbCTBO HEOOXOAHMOCTH O4eHb MpoOcto; pH HEM HCNOJIb3yeTCA TOJIbKO 
To, 4uTo Op2,< g?. pa oKasatenpcrBe ocTaTOUHOCTH (yHKIUHOHa Hp; 


CHauasla CTPOHTCA AIA YHMCTO SKCWECCHBHOH cpyHKUHH f B Bue Mpeqena cPyHK- 
I[MOHAJIOB, COOTBETCTBYIONLHX OFPaHHYeHHbIM YHCTO SKCILECCHBHBIM (pyHKWLHAM 
f. = min (f, n). lpn stom u3 dopmyuip (2) BHIBOMHTCA, 4YTO STH CPYHKUHOHABI 
He BOSpacTaloT TIpH BO3pacTaHHH nN, HaYHHAA C TOrO N, Mp KOTOPOM Mpotecc 
He JlocTHraeT MHOxKecTBa {f > n}. OTciola BbITeKaeT CyILeCTBOBaHHe Mpeseia 
paBHoMepHo no su ¢. YcuoBHe (3) HcnoMb3yeTCcA AIA TOrO, YTOObI NOKa3atb, 4TO 
M, 9, = f (x). 

Ji KaKHX M@pPKOBCKHX MpOleccoB BbINOJIHeHO ycJioBHe Teopempbl 1? Laisa 
OMHOMePHbIX LHdpy3HOHHBIX MpoleccoB Ha HHTepBawle C HEOCTHXKHMBIMH KOH- 
ILaMH OHO JIePKO BbIBOLHTCA H3 pe3sy/IbTaTOB BoJIKOHCKOrO, TaK Kak B 3TOM CJy- 
yae 9KCIeCCHBHbIe (yYHKWHH — 9TO BBbIMyKJIble (YHKUHH; OHH HelpepbiBHbl 
no X H, CJIeOBaTeJIbHO, ABTOMATHYeECKH YOBJeTBOpAIOT ycuioBHio B). Ho Ana 
MHOFOMepHBIX JHG@<py3HOHHBIX MpOleccoB yrKe CYIIeCTBYIOT Pa3pbIBHbIe 9KC- 
IeCCHBHbIe PYHKIUHH. 

Teopempt 2 H 3 MbI Oyem SopMyIHpoOBaTb JIA MpOCTOTH! AIA cy4an Tpex- 
MepHOro BHHepoBcKoro Mpomecca (OpoyHoBcKoro JBuxKeHHA). B 9TOM culyyae 
SKCIIECCHBHbI€ ~(PYHKILMH — HeOTPHWaTeJIbHble CyneprapMoHHyecKHe yHKILHH, 
HM 43 Teopembl Pucca (cM., HanpHMep, (°)) JlerKO BbIBeECTH, 4TO J106aA YHCTO 9KC- 
IleCCHBHaA YHKUHA MpekcTaBuMa B Bue 


f() =\z ape), (4) 


rye |x — y| — paccTosHHe MexKy TOUKaMH x, y; |} — Mepa B TpeXMepHOM Mpo- 
CTpaHcTBe. 

Teopema 2. [na moeo umober akcueccuenan dynKyua f (x) S= 00, 3ada- 
eaemasn dopmyaot (4), Oblaa npedcmasuma 6 Bude O606WeHHOZO nomentuaara, 
HeoOxodumo u OocmamouHo, uMObbl Mepa {t PABHAAACS HYAIO OANA A106020 MHODCe- 
cmea emkocmu HyAb. Jlocmamouno maKkoce, umobet moaoKo js {f = co} = 0. 

JlokasaTeJIbcTBO HeOOXOMMMOCTH OCHOBaHO Ha TOM, UTO aA cuKcH- 
PpOBAaHHOH TOUKH x KH JWOOH  HeOTPHAaTeIbHOH OTrpaHHyeHHOH 6o- 
peslepcKkoH PyHKWHUN g (y), paBHoH O BHe HeKOTOporo *buKCHpOBAaHHOroO Wapa, 

2 


OTHOMeHHe \ g (y) v (dy) uw My \ g (X,) P (du) 3aKm04eHO MEY AByMA MoJI0- 


1 
XKUTCJIbBHBIMH KOHCTAHTaMH. Sylecb @ (du) — Anddepenunan mepp Ha (0, ool, 
3a\aBaeMOH COOTHOIIeHHeM @ (Ss, t] = @§ (@). Takum o6pasom, ecJIM MHO2KeCTBO 
MMeeT eMKOCTDb OQ, T. e. C BeposATHOCTHIO | HeOCTH2KUMO, To eFo !'-Mepa paBHa 0. 
TlokasaTebcTBO OcTaTOUHOCTH MpoOBOANTcA cCHayana AA cayuas, 
Kora Mepa ' cocpefoToueHa BCA B HeKOTOPoM ilape, a dyHKuna f 
orpanHuena. Tin riaqkux cbyHKuni f coorsercrsyiommuii pyHKWMoHal paper 


1 
aay \ Af (xu) du. Hanuuem H3BeCTHY!0 (OPMyJIy 3aMeHBI MepeMeHHBIX B CTO- 
s 
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XaCTHYeCKOM HHTepBavie (cM. (°)) 
ée 
f(x) — FO) +-\ grad f (x1) dieu = — 3) Af (4s) du. (5) 


Ina 9KCIeECCHBHDIX (PyHKUHi, He ABJAIOULHXCA Ta_KHMH, MOXKHO BOCHOUIb- 
3OBaTbCA STOH COpMyOH AIA MpHaHHA CMbICJIa HHTerpasly B ee MpaBol wacTH. 
I]pu 9TOM HeOTpHILaTebHOCTh MOJTy¥aeMoro (pyHKUMOHAaa NpHXOANTCA WOKa- 
3bIBATb OTJCJIbHO. 

Astopy cTaio u3BecTHo, uTo Metiep (P. A. Meyer) Bo @®panunu Takxe 
HcCJIefOBaJI BOMPOCb! MpelcTaBHMOCTH JKCILECCHBHBIX PYHKUHH B BHe OOOOUIEH- 
HbIX MOTeHUHaoB *. B ero paOoTax, C KOTOPbIMH aBTOP HMeJI BO3MO2KHOCTb 
O3HAKOMHTbCA, COBEPINeHHO ApPyrHM MeTOJOM H B Ooviee OOuleM Culy4ae, MOKa3bI- 
BaeTCA MOCTATOUHOCTH ycJloBHA } {f = 0%} =O B Teopeme 2. Kpome Toro, OH mpH- 
BOAT 6e3 JoKasaTeJIbcTBa TeopeMy, YTBep2KalOUly!o, YTO yCOBHMe, aHasoruy- 
Hoe ycoBhio (3), ABJAeTCA HEOGXOAUMbIM H AOCTATOUHBIM WIA MpelcTaBHMocTH 
WHCTO SKCIECCHBHOH PYHKWHH B BHAe OOOOULeHHOrO NoTeHIHaJa (T. e. MpesctTa- 
BHMOCTb OFpaHH¥eHHOH 4YHCTO 9JKCILeECCHBHOH (yHKWHH B Bue OO6oOuLeHHOrO 
NOTeHWMaa WOKa3biBaeTCA, a He MpeAnoviaraetcs). 

Mutepeceh Bompoc 0 TOM, KaKHe XapaKTepHCTHKH OJHO3HAYHO (C BepoAT- 
HocTbiO 1) 3afatoT aHTHBHDI dbyHKuMoHa. B. A. BomkKoncKHi JoKa3aa, 4TO 
ecm gp} HempeppiBen, f (x) = Mig® << C < oo, TO PyHKIMOHAa OMHO3HAaYHO 
3ajlaeTcA 3afanuem 7 (x). OH JoKa3al TakxKe, 4TO JOOOH KOHeEYHbIAM dyHKWLHO- 
HaJI OT BHHeEpOBCKOroO Mporecca c BeposATHOCTHIO | HempepbiBeH (cM. (*)). OcHo- 
‘BbIBaACh Ha 9THX Pe3yJIbTaTaX, MOXKHO OKa3aTb CJleAylOuly!O Teopemy. 

Teopema 3. Hmeem mecmo 63atimHO-OONO3SHaYHOe COoMeemcmeue medoKOY 
KOHE4HOIMU (PYHKUUONAAAMU OM MpexXmMePHO2O BUHEPOBcKO20 Npouecca MakKumU, 
4mo Qs, = lim (P§ (Mol He pasaudaem PPYHKYUONAAbL, pasnele Opye Opyey c eepoamno- 

co 


cmoto 1), UW Mepamu \\ 6 mpexmepHOM npocmpancméee MaKumMU, 4MO CYytUecmeyem 


eospacmarlad nocAedoegamenbHOCMb 3amMKHYyMoLX mHOoKecme Fp, OOpasyrouux 
é i 


6 cymMMme 6Ce Npocmpaxcmeo, u maKux, “umo \ rey t dy) << CU, = oe, ee 


“A 
eeposmxocmoro | cyiwecmeyem n maKoe, umo x¢ © Fn (0 <t < co). Ces3a6 meocoy 
YHKUUOHAAOM U Mepoti caedyroujaa: OAA AGO HEOMpuYyamerbNOK OoperescKok 
dyxkyuu g (y) 


co 


> 


Ms \ g (x) @ (du) = \- 2p (ay). 
0 


PYAKYUONAALL PS , KOHeUnbIe c eeposmuocmbr | npu Ss, t € LO, oo), (0, oo}, 
(0, cc), makoce HAXOOAMCA 60 63AULMNO-OOHOSHAYHOM CooMBeemcmBuu Cc CoomBem- 
cmeyrouwumu KAAaCCaMuU ep. 

To, 4TO OfHOMY (byHKILMOHAasy COOTBeTCTByeT He Oolee OMHOM MepbI, BbITe- 
KaeT U3 CHHCTBEHHOCTH MpekcTaBJIeHHA (4) JIA KOHEYHOM SKCILECCHBHOH (byHK- 
mun. EXMHcTBeHHOCTD (byHKIHOHAa BbIBOLHTCA H3 efO HeMpepbIBHOCTH HM eHH- 
CTBEHHOCTH HelipepbiIBHOrO (pyHKWHOHAaIa C LaHHbIM OrpaHHYeHHbIM MaTeMaTH- 
-geCKHM oxKHaHHeM. Ecvv ana Mepa tt, YAOBJIETBOpAIONLaA YCOBHAM TeOpeMEl, 
COOTBETCTBYIONLHH (byHKIMOHa CTPpOHTCA KaK IIpeses yHKWUMOHAIOB, COOT- 


BeTCTBYIOINMX IKCIECCHBHBIM (PyYHKILMAM ieee (dy) (aTH dyHKIHOHAaJbI 
' n 

Bce CoBMayaioT, HauYMHAaA Cc TOrO 1, In KOTOpOrO x € Fn, npwxO <t < co), OcHos- 
HOH MYHKT JOKa3aTeJIbCTBA COCTOHT B MOCTPpOeHHM NO AaHHOMy yHKIUMOHAJY 
(BooOule TOBOpsA, C SeCKOHEYHBIM MaTeMATHYeCCKHM OMKHAaHHeM) MHOXKeCTB F, 


* He ony6HkKoBaHo. 
2 19 


co 


TaKHX, 4TO M, | \F, (Xu) P (du) Coo. Saecb Yr, — XapakTepucTuyeckaa 


0 
cbyHKIHA MHoxectTBa F,. Jina 9Toro paccmaTpuBaetca cyHKunA WD) (x) = 
—r92, 
= Myze , JIA KOTOPOH BbIBOAUTCA dopmMyvia 


1— (x) = M\ (x) 9 (du). (6) 


0 


Tenepb ocTaTouHO MooKUTh Fn = {x : Da, (x) > V2}, Ca = 2/ Any An > 0. 
Teopempr 1, 2 u 3 MoxKHO OOOOWIHTb HA PYHKUMOHAIbI, YLOBeETBOpAIOUIMe 
BMecTo ycuioBHA A G6omee culaGomMy YCJIOBHIO H3Me€pHMOCTH, a BMeCTO yCJIOBHA 
B — ycJIOBHto: as 
B’. peti = Ong} mouTH HaBepHoe (MHOXECTBO, Te cooTHOMeHHe He BBIIOJI- 


HHO, MOKET 3aBHceTh OTA, s Ht) (NOUTH OM NOP OMHETE PyHKIUHOHAJB). 


MockoBcKHii- it Li eB YHHBenCHTeT Tloctynusie 
sum. M, B. Jlomonocopa'z " ~ 14 ¥7 1960 
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ornagn Akayemuu [nayr: CCCP 
1961. Tom 137, N 1 


MATEMATHKA 


B. M. BOJIOCOB 
O METOJE YCPEXHEHH SA 
-(Lpedcmuasaeno axademuxom H..T. ITemposcxum 14 X 1960) .. 


§ ow Iloctanos Ka 3af7aun. PaccmaTpHBaeTca CHCTeMa . 
ee ee eee pared 4 


x, X uy, Y — coorpercTBeHHO N- H m-MepHBIe BeKTOpE; € > 0 — Masri napa- 
MeTp. IIpn ¢= 0 (1) nepexogut's BbIPORKACHHY!O CHCTeMY 
ery ix, y, t, 0) =Yo(x,y,4), x* = const. (2) 
OOmtee .pemenue (2) cunTaeTcH H3BeCTHBIM: 


Y= (X, Yo, by, 2) (@ ( (X, Yor fo, fo) = Yo, paur|| 52 = 


=m). ( 


IlycTb BouIb BCAKOrO pellieHHaA (2) npaBbre uacTH (1) H Apyrve BcTpeyaroulHe- 
‘CA PYHKILMH UMEIOT CpeHHe 3HAYCHHA, He 3aBHCALLHE OT Yo, fo (B § 4 NoKasaHo. 
YTO MpeANOMORKeHHe O He3SaBHCHMOCTH OT Yo, fo He OrpaHH4aHBaeT OOUIHOCTH), 
‘CocTaBuM ycpeHeHHyIO CHCTeMy 
é tT : 
x = 6X1 (x) = lim is \ X Tx, 0-45 Uosedas Oy FaGl as (4) 


9 


3afaua. Cpapuutp pemenua (1) u (4) Ha Gombiiom HHTepBase tf ~ 1/e, 
NOCTPOHTh yCpeHEHHbIe CHCTeMbl BbICLUIHX MOpsAKOB 


eh eX (x) Aa Ce) me 
Y= Yo(x, y; t) 4+ eBi (x) HeBe (yt ee. ..,' (5) 
allnmpokcHMupyrouie pemienua (1) c GovIbuIeii TOUHOCTHIO B 3ABUCHMOCTH OT HHCa 
YHep2KaHHbIX WJICHOB. 
§2. WopManbuHHe pazsnaoxKeHH SA. Sannuiem (1) B Buse 
x= ang (sy, Dre Xe(e oy) ews 
y¥ = Yo (x,y, 1) + e¥i (x,y, t) + eVe(x,y, ) +e... (6) 


Vinem gua (6) mpeoOpasopanne 


x= x +em (x,y, t) + eue (x, Ut) oe ae (7) 
oth Ou (Kp Yb) er un (ep adesee tee 


npuBoxatee K (5). Ludbepenuupys (7), B cuny (5), mpHpaByuBasd B (6) Koap- 
(UUMeHTEI MpH cTemeHAx &, MoOyayaem OecKOHeYHy!O CHCTeMy paBeHCTB AIA 
-ynenos (5), (7). BriGop ux He ofHOsHaueH, tbyHkuMM Ae, As,..., Bi, Bo, .. - 
MOryT ObITb BEIOPaHbI, BOOOULe TOBOPA, MPOH3BOJIbHO. 
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Tua ui, v1, U2, v2,... Moyuaorcd ypaBHeHHaA THMa 


0 0 = 

a2 + (Yo x) = hye ee (8) 

ov 0 (6) 

ar + (Yo 55) v1 — (u oe Ye=R (9) 
(R — HekoTopas u3BectHan cbyHKuuA, O/0x ={0/0x,...,0/0Xn}, 0/ Oy = 
= {0/0y1, ..., 0/O0Ym}), KOTOPble JerKO MOCMeAOBaTeIbHO PellaioTCA, TaK Kak 


M3BeCTHbI pellCHHA XapaKTepHCTHYeCKHX cHcTeM: JIA (8) y = @ (Xx, Yo, to, ft), 
t 


u = uo + \s dt, nna (9) y=, u=Z (v0, x0, yo, fo, t), rye z—oOillee 
to 

peuienve JIMHeMHO cHcTembl 2 = (z0/dy) Yo +R, Bbiparkaiouleeca epes 

(byHJaMeHTaJIbHble pelleHHA OMHOPOAHOH cHCTeMbI Z = (20/O0y) Yo, KoTOpbIMH 

culyKaT 3u1eMeHTH! MaTpHubI ||Op/ Oyo, Op/ Oto ||. Mrak, cbopmamnbuble pa3vio- 

*KeHHA (5), (7) HaxoO,ATCA c 060i TOUHOCTHIO. 

§3. O60cHOBaHHe MeTOZ a. OGsactb 3aqanna (1) OCe < &o; 
x, y, t@ G; G — orkppitax oOacTb MpocTpanctsa x, y, t. CpaBHHBaIOTCA peule- 
HHA x = X (Xo, yo, to, t, &), y=y (xo, Yo, fo, ft, &) cuctremn (1) H xX = 
= xX (xo, fo, tf, €) cucTempt (4) c oOmeH HKCHpoBaHHOM HayasbHOH TOKO 
xo, yo, to € G. 

Tlycts: 

1) X, Y HenpeppiBHbI NO & PaBHOMePHO OTHOCHTe/bHO Xx, Y, ft, €. 

2) Xi = X |exo, Yo = Y |e=o HEMPePbIBHbI, YOBJIETBOPAIOT NO X YCJOBHIO 
JIumumua; X1—xHenmpeppiBHo Auddepenunpyema mo y; |dOX/dy|< 
<consti< oo. 

3) Uepes kaxyyro TOUKY G MpOXxoOHNT eAHHCTBeHHAaA HHTerpabHad KpHBaA 
(3) cucTempr (2), mexkaulan B G npH tf, < ft < oo, nposomKuman Wain t < bo 
flo rpaHHunt G win Jo t > — oo. 

4) ®ynkuna (3) HempeppiBHa, Hen pepgEre Audpepenuupyema m0 Yo, to; 

m-+1 


dp / Ayo|, |\Op/ Ato | << const < 00; >) D? >o > 0; D;—unopni m-ro nopaqKa 
i=1 
MaTPHILbI | ag / Oyo, Op/dto ||. 

5 G sexUuT MHOrooOpasHe M, 3ayaHHoe mapameTpHyecku: x = a (A), 
y=6(d), t=c(d) (A= {M,...., Antm} GA, A — orxppitaa o6acTh). a (A), 
6 (A), c (A) HempeppiBHbI, HempepbiBHO udtpepenunpyempr; |0a/ OA], |0b/ OA], 

n+m+1 


dc /0X| < const < 00, >, Ai > o > 0; A;—nunopni (n + m)-ro nopsyKa 


f=1 
matpuub ||da/dA, 06/0A, dc/dA|\. 

6) A6cosmoTHBIe BeEJIMYHHbI YrIOB MepeceyeHHA KpHBbIX (3) c M orpannyuens 
CHH3y MOJIOXKHTEIbHBIM YHCJIOM. 

7) B G seskas KpuBasn (3) mepecexaet M. Ecim Touka nepeceyeHun He eHH- 
CTBeHHA, TO MpoeKUHH KpHBOH (3) H M B MpoctpancTBe x, y MepeceKkaloTca He 
6oslee OLHOTO pasa, B OKpecTHOCTH KpHBOL OX1/ Ot = OYo/dt =0, |Yo|~0. 

8) PaBHoMepHO OTHOCHTeIbHO x0, Yo, fo @G cywuectByeT mpefen (4). 


X1 orpannyena, yoserBopser ycnosulo JIumumua, | X1 — Xi |< const < 00; 
to+T 


MIPOHSBOHbIe OT \ Xi (x, @, f) dtmoyo, to (0 < T < oo) paBHomepHo orpa- 
to 
HHYeHBI. 

9) ua 0 < @ < €0 cyulecTByIOT OTKPBITHIe orpaHHyeHHbIe mosoOnacTu 
Go (2) C G, coepxaiue xo, yo, to BMeCTe C HeEKOTOpOli p-OKpecTHOCTHIO (p = 
= const > 0). Bpema nepexoga KpuBoli (3) of 060i TOUKH Go Jo GMxKatue;li 
110 BP€MeHH TOUKH NMepeceyenua c M He npeBocxo_UT mo a6couOTHOM BeMUnHe 
K/e (K = const > 0). 
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10) na 0 << &€ < &0 cymlecTByI0T OTKpPbITHIe Mo_OGMacTH G1 (e) C Go, co- 
MepxKallHe Xo, Yo, fo; PaccTOAHNA OT TOYeK G, Jo rpaHnub Go orpaHHyeHbi 
CHH3y MOMOXKUTeIbHBIM uHCIOoM. Beem untepBant (to, ti (e)]: 4 > fo, 
ti — to < K/e; npu t <t<h pemenna x (x0, yo, fo, t, &) y (xo, yo, to, t, &) 
He BBIXOLAT U3 Gi. 

Teopema. Ja sn6vx K > 0, 6 > 0 cywecmeyem maxoe & > 0 (81 < 
< 0), umo nnu0<e< 21, t€ [bo, ty (e)] X ne eoixodum us Gu|x—x|<6. 

Sameuaunne 1. Ecan npeqnonoxuth, To B G B WeOM CyulecTByeT 
peulenue (8), HempepbiBHoe MO x, HMelollee HeMpepbIBHble OrpaHHYeHHble MpoOH3- 
BOAHbIe 10 y, t, TO OT ycloBHi 4), 5), 6), 7), 8) MoxKHO OTKa3aTbCA, Mpemnoso- 
*KMB JIMWIb CYI[eECTBOBaHHe paBHOMepHOro Mpefesa (4), OFpaHHYeHHOCTb H 
ycoBue Jlunumua waa X1. 

Sameuannue 2. Ecan norpeOonath, uto6p pemenue (8) 6pivio orpaHu- 
hart : G BMecte c Ou1/0x, TO MOKHO yTBepxAaTb, 4To | x — x| = O(e) mpu 
t~ I/e. 

TeopeMbl O BbICIUHX NpHOMKeHHAX MeTOa §§ 1 Hu 2 hopmysupyrotcsa u JoO- 
Ka3bIBalOTCA aHasorM4HoO. JloKa3aH Tak»Ke aHaslor Teopemb! H3 (') O TOM, YTO 
IPH HEKOTOPHIX YCJIOBHAX B OKPeCTHOCTH TOUKH MOKOA CHCTeMbI (4) CcyiecTByeT 
peutenve (1), MpuTArHBarlollee WIM OTTAIKHBalollee OH3KHe pelleHHA MpH 
t — ++ co, OTH TeopeMbl 3eCb He MPHBOLATCA M3-3a FpOMO3AKOCTH cbopMyJIH- 
POBOK. 

§ 4. Bomee o6mue cucTtemubm. IlyctTb cuctema Tuma (1), (6) yqoB- 
JleTBopsxeT ycuiopHam §§1—3, cpeqHHe 3Ha¥eHHA BCTpeualoulHxcA dyHKUHi 
CYULe€CTBYIOT, HO MOFYT 3aBHCeTb OT Yo, fo. OMHLUIEM 9TO TAK: OOulee peuieHHe (2) 


uMmeeT BH y = Q (c, ft) (c = {c1. . . Cm} — MPOH3BOJIbHBIE NMOCTOAHHbIe), cpel- 
HHe 3HaYeCHHA 3aBHCAT OT C1, .. ., Ck H HE 34BHCAT OT Cai ,-.., Cm (RS m), 
TIOCTOAHHBIM C1, ..., Ck COOTBETCTBYIOT MHTerpavibl 

pe Dix yt) (6 = (1, . Crh, DP = (D1, . .-> Dp}), (10) 


Ha HHTerpaJIbHbIX NoBepxHocTax (10) pewienus (2) HomyckKaioT napamMeTpuyeckoe 
mpedcTaByleHHe 


Pcie. t: Che 2, 0.0) . (11) 


(2 = {a, ..., 2m—n} — COBOKyMHOCTb mMapametpos). (2) H (11) nopoxyaioT 
Ha mopepxHoctax (10) cuctemy z= Z (z,c, t, x) = (Yod/dy + 0/dt) 0, rye 
6 = 0(x,y, 2), pl(® (x,y, t), 9(x,y,0, x,t] =y, c¢ o6mum pemennem 
z= z(z, to, c, x,t). Bsaegem B (1), (6) HoBble mepemMeHHbIe x = X,c = 
= @ (x, y, t), z= 8 (x, y, t); Momyyum cucTemy 


x = eX = eP (x, ¢, z, t, 8), 


c= e(XP)O = eQ(x,0,44,8), (1) 


2=Z42(xz)o ge LXE C Se, 1; 8)k 


(12) npunaquexut kK Tuny (1), cpeqHHe 3HaYeHHA He 3aBHCAT OT 2p, fo, M0- 
9TOMy IpHmMenuma TeopuHa §§ 1—3. B stom cmpicile B § 1 roBopHusocb, TO 
MOJIOKeHHE O HE3ABHCHMOCTH CpeAHHX 3HAYeHHH OT Yo, fo He OrpanHunBaerT OOII- 
HOCTH. 

§5.Bo3mMymeHHble CHCTEMBI C MCA MCHHO H3MECHAN- 
WuMUCH napametTpamu. Moxno paccmaTpuBatb (2) KaK HeBO3My- 
WleHHYyIO cHcTemy, a (6) — Kak cHcTemMy, BO3MYyIeHHyIO (pyHKIMAMM €Y1 + 
+ eYe+..., coep2Kalllyio MeieHHO H3MeHsIONLHecaA Mapamerppl x. Muetca 
npescTapjenuve pemenuit (6) uepes pemenua (2). [Ip Bpinonmnenun ycnosnit § 4, 
ycpetuas (12) merogom §§ 1—3, BprauciaaA MpHOmMKeHNA WIA xX, C, 2, HAXOLUM 
mpelctaBienve pemleHuii (6) B Bue y =p (c, Z, x, t) ¢ moOol CTeMeHbIO TOU- 
HocTH. Jlia cucTeM “acTHOrO Bua 3Ta 3aaua B MepBOM NpHONMxKeHUM paccMa- 
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TpuBaJacb B (*-°), B (°) MoqoOHad 3aaya U3syuaNacb ‘ia crysas, Koraa MOBepx- 
noctTu (10) orpaHH4eHHble 3aMKHyTple, a cucTema (2) uMeeT MHTer pavib HbIM HH- 
Bapuanrt. B (°) mpeliowKex ACHMITOTHY¥eCKHH MeTO, CBASAHHBIN CO cxemol 
ycpefuenia, oranuHol or §§ 1—3, umeiomnit Apyryto OOsacTb TIPHMeHeHHA. 
* §6. KaHonwuieckune cueremet, llycts HeBOSMyMleHHOw: cHcTeMe 


=—_—=_ =-_—_—- q 4 =, -_——- za ‘ = a 
; q 5 5 Hp. qtX)> p= ci a q,:X), - ae » (ls) 
COOTBETCTBYeCT . BOSMYILeCHH ad: 
Deg ‘9 ; ‘ z ¥ vl 
gS SHR EP (ps ge xt 8), p= GH ef 0, De Ky t, 8) | 
=X (p;-q, x; t, 7. Se nese “(1 


Tlaa (13) cyuectayet MHTerpad 3Heprun E = H (pNq. ‘a Eoan (13), (14) 
YOBJICTBOP AIOT VEAOB HG § 5, To qua E Haxoqum: ,. pas 
+¥ { totT : ay ity ey a a 
E= e lim 7 N (rb q, x, t 0) p + ar (Ps 4%, t40) q ras) dt. (15) 


— 
tu fo 


Corjacuo (15) ckopocTb u3MeHeHHua E paBHa cpelHeii MOULHOCTH CHI ef s 
ef, eX. Jina cuctem yacTHoro. Bua (15) BEIBO,H Och 'B (%,%). 
§7.Uactupne-c'iayuan. Yacrabiu calydaaMn (1) sBastores cucTembr 
B CTaH{apTHOoH ‘hopme Hi CHCTeMBI C ObICTpo Bparlaronlencs ae usyYeHHBIe 
B (*,”). 
Pe3tme. | PaspaGdrai M O6OCHOBaH MeTOX ycpenuenua Tas CHCTeM 06- 
utero Bua (1), ABMAIOULHHcA O6O6uLeHHeM.MeTooB (1,?). 


MockoBcKHit =TrocyapCTBeHHBIt YyHupepcuTer Ilocrynusio 
um. M. B. JlomoHocosa 13 X 1960 
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_flokxxansr Akagemun nayr CCCP 
1961. Tom 137, Ne 4 


MATEMATHKA 


H. B. E®HMOB u 9. LF. NMO3SHAK 


HEKOTOPbIE MPEOBPASOBAHHA OCHOBHBIX YPABHEHHAL 
li ‘sca ~~ -TEOPHH MOBEPXHOCTEH © 


(IT pedcmaéaeno axademuxom H. I. Tempoécrum “10 X 1960) 


ou. 1°, Ha nopepxHocTH nocTOAHHOH OTpHMaTebHO KPHBH3HbI’ yrodl w 
Me*KY ACHMITOTHYeCCKHMH YOBJIETBOpAeT H3BECTHOMY YpaBHeHHIO™ 
.. haa) : 

dvdu K sin @, ; (1) 
Tye u, V— HaTypanbAble MapameTpbl acumMmToTHYecKHx; K — rayccoBa KpH- 
Bu3Ha (= const < 0). 
’ B Mmpov3BoubHbIX ACHMMTOTHYeCKUX MapamMeTpax WU, Uv ypaBHeHHe (1) umeeT 
BULL Pa 


= K sina, (2) 


Tule 


MbI MoKa3bIBaeM B 3TOM 3aMeTKe, YTO H 6 CAYYae noBepxHocmu nepemenHot 
Ompuyamerbnod KpUsuUsHbL Y20A W, OMHeCeHHoLt K ACUMNMOMUYeECKUM napamem- 
‘pam, yOoeaemeopsem ypasbHeHuto, 60 MHO2UX OMHOWeNUAX CXOOHOMY C YpabHe- 
“Huem (2) (cm. n. 5°, ypaeHenue (III)). Sto ypaBHeHHe CHMBOJIM4eCKH MOXKHO 3a- 
‘TIMCaTb B BHIe . 


L,,Ls, (0) = M sina, (3) 


Hine 


THe Lg, =i JIMHeHHbIM DuddepenuvaIbHbIH OepaTop, aHasIOrHYuHbli omepatopy 
0/Ose; Ls, — KBasunuHeiHEi [omepatop, B focHoBHoM Toro xe TuMa; Ls, Ls, He 
: Wis * 
S8aBHCHT OT BbIOOpa ACHMMTOTHYeCKUX MapamerTpoB (xoTHs onepatoppl Ls,, Ls, 
MO OTACIbHOCTH CBOMCTBOM TaKOM HHBapHaHTHOCTH He OOsaflaioT). byKBow M 
'B ypaBHenuu (3) oOo3HaueHa BeJIMYMHA, MOUTH OTHOCAILaAcd K BHYTpeHHeli reo- 
‘MeTpHH MOBepxHOCTH; No Kpalineli Mepe, M onyckaeT OlleHKH Mp HeEKOTOpbIXx 
YCNIOBUAX, HasIOKeHHbIX TONbKO Ha MeTpHKy. Iloqxol kK ypaBHeHHIo Bua (3) 
‘Zan B 3ametKe H. B.'’Edumora (*). [I[pusiomenne storo ypaBHeHua OyeT WaHo 
i o 

3 cuefyroleli 3aMeTKe ABTOPOB, KOTOpaA OyeT OMyOJIMKOBaHa B STOM Ke XKyp- 
Haule. 

pF. 2°. YcNOBUMCA OTHOCHTeIbHO OGO3HaAYeHHH HM opHeHTanHH. Uepes K 
: o603Hadaem rayccoBy KPpHBM3HYy; Hapsyly Cc STHM yrloTpeO.1aem OGosHayeHH A: 
; a=|K!|, Q=InV&. Jinneiinpii snement 

5 

‘ 


ds* = E du® + 2F du doj+ G dv? 


‘MbI [MIM B IIpOH3BOJIbHbIX ACHMMTOTHYCCKHX MapameTpax UW, Vv; aCHMMTOTHYe- 
‘€Koe HampaBuieHHe v = const cuuTaem nepBbim. Mpi movlaraem Takxe E = e’, 
7 = o?, W? = EG — F?. Ecan J, m, n — koacdculuenTsl BTOpoH KBaypaTHy- 
20 


Holi opMbl, JeteHHpie Ha W, to 1/=0,n =0, m= +k. Mbi BplOepem 
m = +k; Tem CaMbIM HOPMaJIb COOPHEHTHPOBAHA C MOJIO*KUTEAbHBIMH HalpaB- 
JIGCHHAMM ACHMMTOTHYeCKHX (T. €. C HaMpaBJIGHHAMH BO3PaCTaHHA U, V), a 9TH 
HalpaBJeHHA OMpeeeHbl C TOUHOCTbIO AO OMHOBpeMeHHOrO UX OOpalleHuaA. 
TlowoxKUTeIbHbIMH CYHTAe€M MOBOPOTLI OT MepBoro aCHMITOTHYeCKOrO HalipaB- 
JieHusA KO BTOpomy. Uepes @ OOo3HauaeM yroul MeXxKLy edie gentile HalpaB- 


0 Co Megs 
JIGHHAMH ACHMMTOTHYeCKHX; 0< w< a. Mbp nosmaraem in ee : 
1 2 


0 
eCIH 5 O3sHadaeT LudepeHUMpoBaHHe MO aHHOMY HalipaBJleHHIO, TO Yepes 
0 
jr OO0SHaNaeTCA AuddepeHuMpoBaHve MO HalpaBJIeHHIO, KOTOpoe NoJy4uM, 


I oh 
NOBepHYB aHHoe Ha youl --->. CHMBOJIOM (5), o6o3HayeHO JIByYXKpaTHOe 


AuddepenunpopanHe Mo Ayre reofesH4yecKOH, MpoBeJeHHOH B aHHOM Halipas- 
JIGHHH, 

nm. 3°. I]pHBeyem HeKOTOpble BCMOMOraTeJIbHbIe (OpMy.IbI. 

M3 papencts / =n =0,m—=k w u3 ypaBHenuit Ilerepcona — Koyauun 
HMeeM: 


T2=—Q, Th=—Qu (4) 
Orcioja ; 
3 = —e(S +cos o 2), (5a) 
ve g (~ + cos x2) (5b) 
V3 (5 a, b) 4 43 COOTHOMeHHH 
cos 0 2 qe sino (6a) 
cose = © + sina 33 (6b) 
nosyyaem 
<a!) — sino es . (7a) 
Re nega (7b) 


Kpome Toro, HMeIOT MECTO CJleyIOUIHe BbIPawKeHHA TeokesH4eCKHX KPHBH3H 
ACHMMTOTHYUeCCKHX JIMHUH: 


0Q 


1 co : 

ar ence Wa, a gens (8a) 
beer? Ow é 0Q 

Oe Se re Oe (8b) 


Ecau ® — kakoe-Hu6ylb CKasApHoe MOJle Ha MOBePXHOCTH, TO ero BTOpaA 
IIpOM3BOAHAaA MO Lyre NpOH3BOJIbHOH JIMHHH Y, IpOBeeHHOH Yepes JaHHy!O TOUKY 
B J[aHHOM HalipaBJIeHHH, BbIpakaeTca cbopMyviol 


02D fobae®) 1 oD 
aa (aa)! row ae (9) 


1 

rye — — reojflesHyecKkaA KPHBH3Ha JIMHHM Y. 
Pg 
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4°, V3pectua tbopmy.ta (cm. (7), erp. 170) 
OY Bistine dahl aaa 
K= 7 oe (elh)—a (ern. (10) 


Tlob3ysicb COOTHOWIeHHeM 


nogyuaem u3 (10) u (4) 


oo (= sin @ Qu). — (= sin oQ), = Reg sin w. (11) 
V3 (11), npumenssa (5), (6), (8), (9), Haliem 
», O dw aQ dQ dw 
k rl ka (52 —sino 2)| = [A+ A—3 4 ae a= Je Sino, (I) 


rye 


ae — (2 + 3sin o oe. oe 


4 
Yuutpipasn (8 a), ypaBHennio (1) MoxKHO NpHaTb Govlee reoMeTpH4eckul BH: 


(eh) + [e+ C).—(B +9 BJsinomo. ap 


mn. 5°, H3 (I) ¢ momompbro (7 a) BbITeKaeT YypaBHeHHe, KOTOPoe MbI HU 
HMeJIH B BUY B Hauaie 3aMeTKH: 


Ow ‘ dQ 
Be 9 (ek) ES —sin® | 


(eh) as, Par = [+ B]sina, ay) 


rye 


2, 

| dre ale aio) 

iL 

] n. 6°. Maa HeckoJibKO HHBIM MyTeM, MOX%KHO ypaBHeHue (II) nonyauTb 43 
U3BeCTHOH opMyvibl JIvyBHJIIA AIA TayccoBOli KPHBH3HbI, 3aTeM H3 ypaBHeHHA 
(11) Berwectu (1) umn (III). Caeqyer 3amerutTb, 4To, HeCMOTpxA Ha OdsbILTyIO 
reOMeTPHYHOCTh ypaBHeHHaA (11), OHO MeHee yOOHO AIA MpHMeHeHHH, em (1) 


u (III) (nockosKy B He€M YUaCTBYIOT [Be BeJIMYHHbI BHeWIHereOMeTpHyecKoro 
XapakTepa: a iu o): 
il 


C nomoutp1o ypaBHenust (1) MoxKHO HECKOJIbKO YCHJIMTb YTBeEpx*KeHHe O KOp- 
PeKTHOCTH H3BeCTHO TeopembI [um_OepTa, BbICKa3aHHOe B 3aMmerTKe (1); HMeHHO, 
eCJIH B 3aMeTKe (') No CyillecTBY yTBepKLaeTCA, YTO MeJIeHHOe H3MeHeHHe Payc- 
COBOH KPHBH3HbI ByleveT ObICTpOe H3MeHeHHe W, TO M3 ypaBHeHUA (1) BbITeKaeT 
HeEOOXOJMMOCTh ObICTpOro H3MeHEHHA W MO HEKOTOPOMY ACHMNTOTHYeCKOMYy Ha- 
TipaBseHuio, Bosee 3HayuTesIbHOe MpHJiowKeHHe ypaBHeuui (1), (II1) qawrca 


“<—oe e 


_ +B CJlelyiouleli 3aMeTKe apropos. 

: Mockoscknit rocyJapcTBeHHbIii yHUBepCHTeT Toctynus0 
' um. M. B, Jlomonocosa 8 X 1960 
\ IMTHPOBAHHAH JIHTEPATYPA 

; 


1H. B. Epdumos, JAH, 136, Ne6(1961). 2 L. Bianchi, LezionidiGeom. diff., 
Leipeiles 1927. 
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Tloxxnagn Akayemun nayk CCCP 
1961. Tom 137, Ne 1 


MATEMATHKA 


B. A. HJIbHH 


O PA3PEMIMMOCTH 3AJAU JMPHXJIE WH HEMMAHA 
WIA JIMHEMHOPO IJJIMMTHYECKOFO ONEPATOPA 
 C PASPbBIBHbBIMH KOIPOHUMEHTAMH 


(IIpedcmasaeno axademuxom H. I. Ilempoeckum 14 X 1960) 


B pa6oTe u3y4aeTcA BOMpoc O pa3speWIHMOCTH (B KsJaCCHYeCKOM CMBICJe} 
ganau Jlupuxne u HetimMana Ayia oOulero. IMHeHHOrO 9JNHITHYeCKOrO OMepa- 
Topa 2-ro MopsAAKa C paspbIBHbIMH KOS*ppuLMeHTAaMH. 

1°. IlyeTh QaHbl HekoTopaad oTKpbiTan N-mepHas oOwlacTb gc rpaHuuei T 
H BHyTpH Hee (NV — 1)-mepHas nopepxHocTb C, romeoMopduaa cibepe, pa3z6u- 
Baloulad g Ha NWo_oOmacTH gi (exKallyio BHYTpH C) u ge.IlycTp Zanee T — He- 
KOTOpad OTKPbITad OOaCTb, Cokep2Kailad BHYTpH ceOA 3aMKHYTy}!O OOJIaCTb. 
(g +1). Pacemotpum B oOnactu (g-+T) cnenzyiontyio 3aqauy Jupuxue: 


N' N ; 
(1) gee (1) Ou () (1) 
Ly = Dd) aie (x) age + DOP (x) — (x) ue =F (x) Bes, 
i, R=1 Nee i=1 we 
N a N 3 
(2) a (2) u (2) 
Lou = SGP (x) aa + DOP (x) — 8 (4) = F(x) B ge, (1) 
2 Be f=1 i. 
Ou i 
ulin = ®, [uw] |¢ =, | e K, 
| | ‘ Ou Ou Ou ne 5 
rye [wu] lc =U lc—o — itu lc+0? Ea r: — ava ede ON Dy eae Vi — BHeEWIHAA IO OT- 


HOWeHHIO K OQOaCTH £1 KOHOPMaJlb Jia onepatopa Li; V2— BHYTpeHHAA 
MO OTHOMeHHIO K OGaCTH g2 KOHOPMaJb Avia onepatopa Le, a cHMBOJIbI C—O 
u C +0 o3Ha4yaioT, 4TO GepyTcA MpelebHble 3HAYEHHA COOTBETCTBEHHO C BHYT- 
peHHeli H C BHeINHeli, MO OTHOMIEHHIO K £1, CTOPOHbI MOBepxHocTH C. 

Onpefeneuoune. KanaccuyecKHM pemeHuem 340 au 
Wupuxae (1) na3opem tyHKuHIO u(x), YAOBJETBOPAIOULYyIO Cue yIOUuHM 
ycsloBHam: 1) uw (x) NpHHaywexuT Kaccy C 8B KaxkJoli 13 3aMKHYTHIX O6sIa- 
cteii (g1 +C) u (ge +C +1), xaaccy CY B xawgol us o6nactelt (g: + C) 
u (g2 +C) u Kaaccy C” B KaxkJoii “3 OTKppITHIX OGsacTel gi U ge; 2) wu (x) 
YIOBJIETBOPAeT B KJIaCCH4YeCKOM CMBbICJIe BCeM YCJIOBHAM 3ayauH (1). 

Ilyctb BbIMOJHeHBI Culeqyroulve ycsioBus: 1) noBpepxHocTb C mpHHaliexkuT 
Kulaccy JIanyHosa, nopepxuoctp T peryaspua *; 2) dynxunn alg” (x), ‘is (x), 
ce” (x), f(x) (m = 1, 2) onpenenenst uv npunaiexat Kaaccam: af? € Co 
B oGnactu (g1 +), a! (x) e@Ch™ © BT gi), OP (xe) neers 
(a +0), OP (x) w ce (xyEec®™ B (T — a), FP) ECO Bog uw EC” 
B (g, +0), Pf? (Ec? 3 ayn EC” B (ge CC +1); 3) Koodpunuentet 


m 
an)” (m = 1, 2) Bclogy B OOmacTAX CBOero ONpeleeHHA YNOBMeTBOpAIOT ycw10- 


BHAM 9uIMmTHuHOCTH; 4) cl” (x) >0 Berolqy B oOacTAX CBOero OnpeseeHHA; 


* T. e€. B O6acTH, OfpaHHyeHHoi nopepxHocTbw I’, paspewHma 3agzaua Jlupuxuae Aa ypaBe 
HeHHA JJaniaca mp 060 HempepwIBHOH rpaHH4yHOn cbyHKUHH. 
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ore 


5) PYHKUMA ~p (xX) ONpefeeHa H HeMpepbiBHa Ha NoBepxHoctTu T; 6) dyHKuuu 
ap (x) HX (x) ompemenenbi Ha POBeH RHO C uw MpHHalviexKaT TaM CJIeLyIOULHM 
kaccam: pe C™ yw yEC°™, Ykasanupie mecTh ycoBuii Ha30BeM. y C JI O- 
BUAMH B. 

Teopema l. Ecau 6binoaneHbt nepeoe, mpembe u uemeepmoe us yYCAo- 
euti B, mo mooeem cytuecmneoeamb MOAbKO OOHO KAAaccU4eCKOe peiuenue sada4u 
Tupuxae (1). 

Ota TeopeMa AOKa3biBaeTCA TOUHO TaK Ke, KaK cooTpereTByiomlan Teopema 
padots! (7). 

Teopema 2. Ecau 6vinoanentt ycaosua B, mo cywecmeyem (u npumom 
eOuHCMbEHHOe) KAaccu4ecKkoe pewernue sadadu JLunuxare (1), npuiem amo petuenue 


npunadaencum KAaccy CC @ Kaoedott us o6aacmett (g1.--.C) u (g2 +C). 

Bompoc 0 paspeumumoctTn 3aqaun JIApuxsie HeECKOJIbKO MeHee oOmleli, ¥em pe 
Obll H3y4eH B padoTtax O. A. OneltuuK (?,*), HO B yKa3aHHbIxX padoTax paspe- 
muMocTb saqaun JiIMpHxwe ycTaHaBJIMBaeTCA B NpenooxKeHHH,' YTO Koaddpu- 
IKMeHTHI YpaBHeHHH HW PpaHubl OOJacTel YROBJeETBOPAIOT UPe3BLINaHHO %KeCTKUM 
(lo. cpaBHeHHIO Cc ycJIoBHaAMH B) TpeOOBaHH AM ryiaKocTH, HeorpaHuyeHHo pac- 
TYWMM C yBeaMueHHemM uHCIa N u3mepeHHit. 

‘SameTHM, 4TO yCOBUA paspeulMMocTH 3aqaun JIupuxae (1), ycraHoBmeHHpie 
B TeopeMe 2, B YaCTHOM C.ly4ae, KOFa OTCYTCTBYIOT paspbIBLI y KOSpuLHeHTOB 
MW. Kora p= y, = 0, copnagaioT c KylaccHuecKHMH ycJIoBHAMH ?Kupo (cm. (3), 
eTp. 77). [loquepkuem, uTo YCJIOBUA, PKUpO. ABMAIOTCA HavOoslee TOUHBIMK M3 U3- 
BeCTHBIX JO CHX Top ycvioBHi paspelMMocTH 3ayaun T[upuxuie c riaqkKuMui Ko3h- 
(pHILHeHTAaMH. 

Sameuaune 1. Teopemp | u 2 pacnpoctpaHsiotca Ha cyyai, Korga 
BHYTPM NOBepXHOCTH T neKUT 1 NpHHaqiexawux Kaccy JIanyHoBa 3AMKHYTBIX 


MoBepxHocTelt pasppipa KosddunneHToB Ci, C2, ..., Cr HW Ha KaxKOH U3 STHX 
MOBepXHOcTelt 3aaHbl CBOH KpaeBble YyCJIOBHA: 
Ou : 
[wu] oat ,s sr lle, = € (i = eR SAS n). 


IIpH 9TOM HeKOTOpbie H3 NoBepxHocTeH C; MOryT JlexKaTb BHYTPH pyrux. 
Sameuan ne 2. PesyibTaTh, aHanOrMuHbie CPOpMYyWIHPOBaHHbIM BBILLe, 
TOJyYeHbI HAMM H Aa saaun Helimana c pasppiBHbIMH KOSPDHIUMeHTAaMH, T. e. 
JA 3ajaun Bua (1), B KOTOpoH yculoBHe u [p>=0 3aMeHeHO Ha (0u/OVe--hu) p= 0 


rye h (x) >0, ge Cc”) Ecnn K ompelesenuio KjaccHyecKoro pelleHua cyle- 
lath 2oOapaeuue u(x) €C” B 3amKuytoii o6nactu (ge +C +T), a kK yeno- 


Biuam B caenaTp qo6annenua: 1) T — nopepxuocts Tuna JlanyHosa; 2) h (x) 6c” 
Ha IT, To Ana 3agaun Helimana OyfyT cnpaBeIHBbI TEOPeMbI, MOJIHOCTbIO aHa- 
jioruunple * Teopemam | u 2. 

2°. [las cryyas, korza @ =p = ¥ =0 xu onepartoppi Li uL2 ABJAIOTCA CaMo- 
COMP s>KeHHBIMH, HAMM M3y4eHa CBA3b KJlaccHyeckoro pewleHHa 3agqaun J[upux- 
ge (1) c o606mleHHEIM ** pemieHveM 93TOH 3aqauH. 

C MoMOMbIO pesysbTaTOB padoTHI (°) 9/IeMeHTapHO yCTaHaBJIMBaeTCA, 4TO 
KJlaCCH¥eCKOe PellleHHe yKa3aHHOH 3aauH ABJIAeCTCA OLHOBPeMeHHO OOoOmIeH- 
HBIM, T. €. YCTaHaBAMBAeTCA, ITO KaccHuecKoe pellieHHe OOMaaeT UHTerpupye- 
MBIMM C KBapaTOoM Mo 3aMKHYyToH oOmacTH (g +.) nepBbimu TpoM3BoHEIMH. 

3°, Hametum cxemy JoKa3aTesbcTBa Teopemb! 2. OnMpasich Ha OLHH pesyiib- 
Tat )Kupo (°), werKo pelyuupoBaTb s3aayy (1) K culeqyrouleH Ooee mpocTor 
3amaue: 
; fig = 0 Bagi, , Lev = (0 _B ge, 


vjp=9,  fallo=0, Fale ES (2) 


rye 6 — 3aaHHad Ha MOBepXHOCTH C cyukuua €C 


bi 


(0, 2) 


* KoneuHo, mp hf (x) ==0 equnctBeHHocTb 3afaun Helimana OyyeT HMeTb MECTO C TOUHO- 
CTbIO JO MOCTOAHHOTO caaraemoro. 
** Onpeyenenne o6o6menHoro pemeHHa cM. B (°). 
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Ilyctb y— moOan DuUKCHPOBaAHHAA TouKa ©C. Meroqamu Teo- 
PHM MOTeHWHAIOB JerKO WOKa3aTb CYUIeCTBOBaHHe KIaccM4ecKOrO pelllenuA 
cueqytomlent 3aaun Jlupuxuie 

Lyw (x,y) =f (x,y) Bf, (3) 
W(X, Yeo =P (XY), XY, 
B KOTOpOH * @ (x, y) EN @s 1 mpu x €(g +T), yec; f(x, ye n® 
(8 > 0) npn x €(g; +C), y€C 4H, Kpome Toro, f(x, y) yOBeTBOpAeT B Q; 
mo x ycuoBHio Tenbyepa. 

PaccmoTpHM Tenepb mpH yE€C, x€ (g +1) sgpo Ko (x, y) Bua: 

Ko Ut, 9) = ee) OD ea eee 
\Ri (xy) mpa x€(g. +0), yEC, xy, 
re Ae (x, y) — dyukuua [puna 3agaun J[upuxsie ia onepatopa Le, npogo.- 
*KeHHOrO Ha BCIO OOacTh (g +T), a Ai(x, y) mpeactaBset coOoi pemieHne 
3anaun (3) mpu f (x, y) = 0, @ (x, v) = Ke (x,y). Ham yyanocb ycTaHoBUTb 
PAX TOHKHX cBolicTB dyHkuHh Ki (x, y). B wacTHOCTH, MbI QoKasaJH, 4TO: 
1) Ki (x,y) €N® npn x € (gi +0), y €C; 2) Ki (x, y) = Ki (x, WA (x, y) + 
+.B (x, y), rae Ki (x, y) — raaBHoe sbyHamMeuTaJibHoe pelleHHe VIA onepa- 
Topa Li, MpodomKeHHOrO Ha BCe MpocTpaHctTsBo, a A (x, y)— peieHHe 3afauu (3) 
mpu f(x, y) =0, @ (x, y) = Ke-(x, y)/Ki (x, y), Tpu4em JoKa3piBaeTcaA, 4TO 
A (x, y) KaK (PyHKUHA X paBHOMePpHO OTHOCHTEJIbHO Y IIPHHaexKUT KJIaccy 
co apa x6 (g +0), gC; OAldx, EN” npn x € (i +0), w EC: 


(4) 


eee eNO) np x €(g,4+-C), yEC (6 — nekoTopoe nos1o*KUTebHOe YHCJIO, 
<6). 
iG WOKa3aHHbIX CBOiICTB 3JIEMeHTApHO BbITeKaeT, 4YTO (PyYHKUMA 
v (x) = \ Ko (x, y) & (y) dsy (5) 


ic 
WIA JOOOH OrpaHHyeHHOH yHKIUHH tt (Y) YOBJeTBOpAeT BCeEM YCJIOBHAM 3ajla- 
un (2), KpoMe mocseqHero. Tpe6opaHHe yoBJIeTBOpeHHA STOMY ToceqHeMy 
yCJIOBHIO, KaK HETPYHO yOeAHTbCA, MPHBOLHT K CJlehylouleMy HHTerpa/IbHOMy 
ypaBHeHHtO Jia u(y): 


w(x) =) F (x, g) & ©) dsy + 4 (x). (6) 
c 
Anpo F (x, y) 9Toro HHTerpaJibHOro ypaBHeHHA B CHJIy OTMe€YeHHbIX BbILLIe 
cBoiicrs byuKuun Ki (x, y) MpHHaexKHT KIaccy Nt? Ho torma Aaa ypaB- 
HeHHa (6) cipaBelIHBa bali @pegroubMa. Bosee: Toro, 000e peuleHue 
3TorO ypaBHeHua u3 Kaacca C npnHatiexut Takxe Kaaccy C ie 
B cuuy Teopempi | (byHKILHA }to0 (xX), ABJIAIOULAACA pellleHHeM OHOpOHOrO 
ypaBHeHHA, COOTBeTCTBy!Ollero ypaBHeHHA (6), paBHa HyJIi0. 
~~ rak, 40Ka3aHo, 4To ypaBHeHue (6) npH m060K dyHKunn 01 eC”) umeer 
eMHCTBeHHoe pemenne tt (x) € C *) Tlocuie sToro OueBHAHO, YTO PyHKUNA V (x), 
onpeleisemaa dbopmysoli (5), ABJIseTCA KJlaccHueCKHM pelleHHeM 3ayaun (2). 
AsTop BbIpaxkaeT 6larogapHoctb A. H. Tuxonopy 3a o6cyxeHHe pe3yJib- 
TAaTOB. 
Mockoscknii rocyqapcTBeHHbIii yHHBepCuTeT Tloctynuio 
uM. M. B. JlomoHocosa 6 X 1960 
IMTHPOBAHHAA JIHTEPATYPA 
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* Onpeyesenve BCeX HCHOIb3yeMbIX B 93TOM CTaTbe KaCCOB MOXKHO HaiiTH B (‘). 
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HToknage Akayzemun nayrxk CCCP 
1961. Tom 137, Ne tf 


MATEMATHKA 


B. ©. KPOTOB- 


OCHOBHASH 3AMAYUA J[BAPHALHOHHOPO HCUHCJIEHHA 
JIA MPOCTEAWEFO ®YHKUMOHAJIA HA COBOKYNHOCTH 
PA3PbIBHbIX ®YHKILHH 


(II pedcmaeaeno axademuxom A. H. Koamoeoposoim 5 IX 1960) 


PaccmaTpuBaetca 3afaua 00 39KCTpemymMe yHKWHOHAaa 
b 


I (u) =\F (x,y, y) ax (1) 


a 


Ha copokynHocTu U sMHHK, OOazaroulux cule yIOWLUMH CBOHCTBaMH: |) Henpe- 
PbIBHOCTh JIMHHH, T. €. KOOPAHHATHI X HW Y TOUeK JIMHHH UW MOryT ObITb mper- 
‘CTABJICHbI KaK HelpepbIBHble (YHKIMH HekOTOporO Mapametpa ¢; 2) dyHKuua 

y (x) HempepbiBHa M OJHO3HauHA BcIoxy Ha [a, b], 3a HCKsOYeHHeM KOHeuHOrO 


jee Touek x; (i= 1, 2, , k), Te OHA MOKET HMETH Pa3ppbiBbI |-ro 
powa; 3) nponsBoyqHas y’ (x) bynKkuMH y (x) HenmpepbIBHa HW OrpaHwuena Ha HH- 
TepBaax (a, x;),..., (Xi, Xi41),- ~~ (Xr, 0); 4) yHKuuA y (x) yaoBueTBO- 


pseT yculoBHio y (a) = a1, y (6b) = b1; 5) cyulectByeT OHOCBA3HaA 3aMKHYTAA 
o6nacTb B nnockocTtu XY, B KoTopoi F (x, y, 2) HenpepbiBHa Mo BCeM TpeM apry- 
MeHTaM BMeCTe C MpousBoqHbIMu Fy, Fy, Fz Mp s0ObIX 2 HW BCe JIMHHH MHO- 
*KecTBa U sexKaT B STON OOsacTH; 6) BClozy B OOmacTH B mpeynouaraetca cyule- 
CTBOBaHHe IpeleJloB 
: ; ; 1 

\ W (x, y, sign m) = int — F (x, y, m), (2) 
a 
‘PaBHOMePHO OrpaHHYeHHBIX B JOOOH KOHeYHOH MoxoOjacTH oOsacTH B. 
. B paOote JaeTca ompeyeenue PyHKuWHOHawa (1) Ha copokynHocTH U u AoKa- 
SbIBaeTCA PAN TeOpeM, BeCbMa MOJIe3HbIX WIA ero HCCIeOBAaHHA. 

Onpeweneunuel. Ilog byukunuouwaatom (1) oT AHHUN 
uéU OyieM MoHHMaTb MIpesed 

I (u) = lim / (u”), (3) 
m—>oo 

rae u™ — JIMHWA U, Y KOTOPOH BCe BePTHKAaJIbHbIe YYaCTKH HaKJIOHeHbI NOK yrs 
10M 1/m K BepTHKaJIM Tak, 4TOObI (PyHKWMA y (x) BAONb wu” Oblia OMHOSHAYHON. 
‘H3 nocueqHero ycJIOBHA, MpHHAB m > 0, eCIM OTKJIOHeHHe MpOH3BeLeHO 10 
Waacopoli. cTpeiKe, monyuum signm = sign (y,—y,), The y,=y (x, +0), 


i, = y (x, — 9). Copepuiaa B (3) MpeembHbIi mepexox, OyeM HMeTb 


k vi k—1 *i44—0 
1) => \ Wie, 8 signy,—g a+ > | Fay y)de+ 
f=1 + i=1 x40 
Yj ¢ 
sete b—0 y (a +0) by 
+ \ Fdet+ | Fax+ | wadt+ | WOsa. 
| a-+o Xpt-0 ay y (b—0) 


Vs crolicrs dyuxunn F (x, y, 2) H copokynuoctu U cuelyer, uro cbyHkuMoHna 
cyllecTByeT Ha 000K smHHHH wu é U. 

BpefemM B paccMoTpeHHe MHOxKeCTBO JIOMaHbIX {7,} C U, u3s06parkaemblx 

| YHKIUMAMH y (x) = y, + y;(x—x,) mpH x, <x < x4, (¢=0,1,...,0 —1), 

3l 


The @ = Xp <1 << KG ee eee hn = = OC CC ar TONER pass 
pbipa PyHKUHH y, (x), ay, H Y;—2n HesaBMCHMBIX TapaMeTpoB, 3a alollux 
jiomaHyi0 Y, (cM. puc. 1). 


Onpeneneune 2. Iyctb uw € U 3aqana pynKunel y (x). Bygem cun- 
TaTb, 4TO.Y,, > U M COOTBETCTBEHHO Y, (x) — y (x), ecuM 


Yi = y (%; HO Yo = y (x, +9); 
{y,} Bcloly mueTHO Ha U, Hi 


Onpehenengwe sd. [lycra Taub! Be PyHK- 
mun: y° (x) @ U, uw 2 (x), orpaHHueHHas u Hempe- 
PbIBHaH Ha HHTepBasax (A,X), ..., (Xi, X4a).--, 


, (Xp, 0), uM MycTb {Yn} © {Yn} — TlocleloBaTeJIb- 
HOCTb JIOMaHbIX TaKas, 4TO 


y, = 9? (x, +9); yp = 2(%, 4+ 9); [%,44— 4, |< e ©) 
DPM di. > Me lech: Ae Unit. 25 vile 


8 


Z=a Z, Ay ae A =} ts5 

Poe wee z B 9ToM culy4ae OyeM FOBOpHTh, YTO Yn— Uy E Up, 
‘Pune. 4 IIpegqea wy Ha3soBem (y°, 2)-mHHHeH. CoBoKyMHOCTb 
Uo Ha30BeM 34MbIKAHMEM MHOKECTBA {y,}. 


(y°, 2)- -nunun uo U, ecan y” (x) = z (x) Bcwny-na.[a, 5], aay TOURK X;. 
CneqopateibHo, UC ae 


Onpexeueune 4. Onpezeium (yHKUHOHAN (1) c OT JIHHUU Uo € ae Kak: 


I (uo) = lim J {7,}. (6) 


Yn7Uo 


Teopema l. Ecau npasouti u aresouti npedeaoi (2) cytuecmeyrom soa 6 06- 
aacmu B(x, y) u npu amom W (x, y, 1) = W (x, y,— 1), mo dyxKyuonaa (6) 
cywuecmeyem ecrody Ha Uo u moocem Ovime npedcmaearen 6 6ude 

b 


I (uo) = (R)\S (x, y°, 2) dx + © (6, by) — © (a, a), (7) 


20e 


S(x%, 7, D=F (x, y°,.2). WV (2 \ W(x, &) d& + W [x, c(x)] c’ o 


® (x, y) = \ W (x, ) dé; (9) 


c (x) — npouseorenan enadKan ynkuus. 


JlelicrsutebHO, Nombsyscb (4) H rpynmupysa B (4) WieHbI mo-HHOMYy, MOxKeM 
3anlucaTb: 


Aa—1 ? 
ly) = 2 (x,4, — %) S (xj, y (}), 2 (%4)) + ® (6, 01) —® (a, a), (10) 
i=0 
rye 
eiatd. ; 
Suny 4 ; =| \ F (x,y, + yj; (x — x), y)dx + ® (xp.9) — 


x; 


=O (iY ty Gg — 2D} 
32 | 


WIM, B CHmy Teopempl JIarpaHxka O KOHeYHBIX Mpupauyenuax: 
S(x,y? (x), 2(x)) = F Lx, y? (x), 2(x) 1] —W eg Crete) 
y (x;) 


| +Wix,c(xple (x) — | WG) ato), <x <4, 


c 


— B enuay cpolicts dynkunn F (x, y, 2) byuxuusa S (x, y, Z) kKoneuHa u Hempe- 
PbIBHa Mo BCeM TpeM aprymeHTam B OOvlacTu B(x, y) MpH mOGbIX 3HadeHHAX Z. 
Tak kak cbyHKunu y° (x) wu 2 (x) KOHeUHDI MW NOYTH HenpepbiBHH! Ha [a,b], To 
iu S (x, y® (x), 2(x)) mouTH HenpepbiBHa, H, CeMOBaTeIbHO, B CHuly TeopeMbl 
JleGera, dyukuna S (x, y°(x), 2(x)) wHTerpupyema B cmbIcle Pumaua, T. e. 
TIpH Yn — uo cymma (10) umeer npeyen (7), He 3aBHCAULIM OT BLIGOpa nocueqo- 
“BaT@JIbHOCTH Yn. Teopema foka3ana. Ananoru4Ho JOKa3biBaeTca Teopema 2. 
Teopema 2. Ecau npasoitt u aesoiti npedenot (2) cytuecmeyrom ecrody @ 
,o6aacmu B (x, y), Ho npu amom W (x, y, 1) & W (x, y,—1), mo dynKyuonaa (1) 
_cywyecmeyem eciody Ha Uo u moocem Ovme npedcmaéaen 6 Bude 


> 


k—1 xj44—0 


1W)= DR \ Fo A+W ey sigh y’ — 2) (y’ — aI de + 
t all x;-+0 


Be UE x1—0 
§ 4D \ WM  & sign —gy dt + | F+W’ — 2] det 
fey, ato 
b—o 
+ | w4+wy'—dlde. (11) 
xp +0 


Ec una Up HanoxKUTb MWONOJHUTeEJILGHCE YyCJIOBHe, UTO pdaBeHCTBO 


‘sign (y” — 2) = sign Y” — 9, rae y” (x) = y"(« +0), 9” () =¥"(X—0), 
Be 2iere 0), 2= 2(%— vfs HapyllaeTcaA JIMUIb B KOH€4YHOM 4HCIe TOUeK 
a = p,€ la, 6] (j = of 2,...,/), TO OyeM MMeTb TakxKe 


ss 


b 

a (a) = ee (R) )\ SI (x, ohe Z; sign (gh ai z)] ax =" » [® (1, Yi» sign (yf — 2))— 
a ea 

; — © (1%, yj, sign G — 2))1 + © [6, t1, sign (1 —7 &)1 — 

; — ® la, Q), sign (y (a) a a)). (12) 


V3 dbopmya (7), (11), (12) Oa at CleyIOT HEKOTOPble CBOMCTBAa 
ppyHKUMOHana (1) Ha COBOKYTIHOCTH Uo: 1) dyukunona | (uo), uo 6 Uo 3aBuCHT 
“OT ABYyX He3aBHCuMbIX *byHKUHH y° (x) HZ (x), IPOHSBOAHbIe KOTOPbIX 160 COB- 
‘ce He BXOLAT B MOAbIHTerpabHoe BbIPAKeHHe, KaK B (7), HOO BXOAAT TOMbKO 
B Buje sign (y’ — 2), kak B (12); 2) HenocpegcTBeHHO H3 (7) H (J 1) cleqyeT He- 
eee. I (uo) Ha coBokymHocTH Us B Tom cmbIcuie, 4TO | I ( Ctdeniveaenode Aiko Nace ge, 
cite Axy sy? (x) |< uw |e (x) —2¢ ie Bcioly Ha la, db], 3a uc- 
KJIIOUCHHEM Y-OKPeCTHOCTH TOUeK paspbiBa v = x;; 3) Tak KaK U CC Uo u cpyHK- 
wuoHan (1) HempepbiBeH Ha CoBoKynHocTH Uo, To B KJacce U onpegenenua | 
u 4 cyHKuvoHasa (1) coBnagaior. 
CnehyeT OTMETHTb TakxKe, 4TO BLIPaKenua (7) uw (12) cnpaBelnuBLI HW MIA 
“byHKUMOHAaTOB Oovlee WIHpoKoro Klacca, a HMeHHO, At PYHKUMOHAaIOB Bua (1), 

KOTOpbIxX dyHKuMA F (x, y, Z) MOX%KET HMCTb Pa3PbIBb!I MPOHSBOAHbIX. 

 Jlerko joka3biBaeTcA TakxKe cvleqyIoulasn 
Teopema .,B. JJycmo inf I (uw) =m > — o, uo € Uo, u nycmo aunua 
/0—muxumano dyxKuuonana (1) @ Kaacce Uo, m. e. I (v) =m. Toeda v 
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ecmb MunuMaAbs ue Kaacce U, m. e. infl (uw) =I (v). O6pamno, ecau v — mu- 
uéU 


Humans dynkyuonana (1) 6 Kaacce U, mo oxa ecmb munumads u @ Kaacce U4. 
HenocpeycTBeHHO H3 BbIpamkenua (14) wu Teopembl 3 BbITeKaeT 
Teopema 4. Ecau umetom mecmo ycaoeun, npu KoMOpeLx cnpaésedAuéol meo- 


pemot 1 u 3, mo Oana moeo, “mobo dyxkKyuoHan (1) umea Ha AUHUU Uo EUs 
AOCOAIOMHL UAL OMHOCUMEeAbHOLIL aKCMpemymM 6B KAacce AuNU U u Uo, Heobxo- 
Oumo u Oocmamo4xo, umober npu Kaxcdom quKcupoeanHom x Ela, b] dynkuyua 
Oeyx nepemenHolx S (x, y°®, 2) umeaa coomeemcmeyouyul akcmpemym. Tounee: 


S (x, i’»2)-= int S (x, 9", 25 6B)  — 00 < ener, (13) 


ecAu, Hanpumep, pedo udem 06 aOcoAtOMHOM MUHUMYMe. 

Cnaenetsnue 1. H3 ycenosua (13) cneqyeT B KauecTBe HeoOxo,uMoro 
yCJIOBUA, YTO SKCTpeMaibHaa (y°, Z)-IMHHA Uo G Uo MO*KeT COCTOATh H3 Hempe- 
PbIBHbIX KYCKOB, YOBJIETBOPAIOWIHX YypaBHeHHAM 


Sy = Fy (x, 9, 2 — Wy (x, ¥) 2— W (x,y) =0; Sz. = F,—W =9, (14) 


M KyCKoB rpaHuubl [ o6mactH B, cCoeqWHeHHbIX BePTHKaJIbHbIMH OTPpe3KaMH 
C TOUKAaMH (a, a,) u (b, by) H Mexy coOol pu x = x;, Te yMOBJeTBOpsAeTcA yc- 
JIOBHe 


Cee ny re (15) 


PynKkunu y° (x) u z(x), ykoBmeTBopsioune (13), 3aqaioT SKCTpeMasbHyIO 
JHHHIO Uo € Uo. Ec anocrepvopu okaxetcs, uTo y°’ (x) = <(x) TouTH BCIOLy 


Ha [a, b], To akcTpeMab wo CbyHKUMoHaa (1) Ha copokynHocTtu U cama mpu- 
HagiexutT U. B stom cayyae u3 (14) cmenyert, uTo nouTn Bcrogy Ha Ia, &] oxcr- 
peMaJIb YOBJIETBOPAeT ypaBHeHHIO Qivepa. 

Takum o6pa3om, ecu W (x, y, + 1) cymecTByloT MH paBHBI BCIOLy B 0O- 
uactu B(x, y), To dyHKuMoHam (1) JocTuraeT MakcHMyMa HJIM MMHAMyMa 
B kulacce JHHHH U Ha 9kcTpeMadAx ocoOoro THMa (THMa a)), NPHHIWWNHaJIbHO 
OTJIMYHBIX OT SKCTpemMasieHh Ounepa — Jlarpanxa. B oTsMune oT MocmeqHHX, 
9TH SKCTPeMaJIM He ABJIAIOTCA peleHHeM KpaeBOH 3aauH AA Lupdepenunap- 
HOrO ypaBHeHHA, KaxKbIh O€CKOHEYHO MAaVJIbIM 9JIEMCHT HX He 3aBHCHT OT COCeqHUX 
HM OOslayaeT CBOHCTBOM MaKCHMyMa HJIH MHHHMyMa. KoneuHoe ypaBHeHne Tako 
SKCTpeMaJIH MIHWeTCH HeEMOCpeACTBeHHO B Bue HeOOxo_NMOrO ycnoBHA (14). OK- 
CTpeMaJlb PyHKWHOHAVIAa (1) Ha coBokynHocTH U cama MpHHalexKHT HOO STO Co- 
BOKYNHOCTH, M60 Goee WHPOKOH Uo. IloceqHee O3HaUaeT, UTO CJM B3STb OMH- 
CaHHY10 BbIIMe JIOMaHY¥O Yn, 3afaB y; = y® (x), yx = 2(x) (i= 1,2,..., n), 
re y° (x), z (x) — pemenne (13), To npu JocraTouHo Goubuiomn = TI (Yn)</(u), 
re u € U — mo6ana JMHMA, eC, HanpHMep, peub HeT O MHHHMyMe. 

Tlobsyxcb TeopeMaMH 2 H 3, MOXKHO NOKa3aTb TakxKe (3a HeOCTATKOM MecTa 
MbI Ha 9TOM OCTaHaBJIMBaTbCA He Oyfem), 4To ecm cyHKunH W (x, y, + 1) 
CYUL€CTBYIOT H He paBHbI BCIOLY B OOIacTH B, TO OTHOCHTeJIbHBIM SKCTPeMyM (pyHK- 
mHonasia (1) B knacce U moxkeT JocTuraTbcaA Kak Ha OMMCAaHHBIX BbIlle IKCTpe- 
MaJIAX THIa a), TAK U, pH HEKOTOPHIX JONOJHHTEJIbHBIX YCJIOBHAX, Ha OObIMHBIX 
SHJIEPOBLIX SKCTpeMaJIAX B KJIaCCe HeIpepbIBHBIX Ha (a, b) yHKuHH (akcTpe- 
MaJIM THMIa 6)). 

Hs 10xeHHble pesybTAThI MMEIOT PA MHTePeCHbIX MIpHO%KeHHH B MeXaHUKe. 

Sameuaune. Oxcrpemasm Tuna aB kaacce U moryT ObITb UH He ObITb 


SKCTpeMaJIAMM B Klacce U JMHHM, 3a}aHHbIX B NapamMeTpuyeckol dope, B 3a- 
BUCHMOCTH OT TOFO, ABJIAIOTCA JIMHHU x = const skcTpemaJiamu B U wa Mpocto 


TpaHHUHbIM HalpaBJIeHHeM JIs| COBOKYNHOCTH JIMHHM, BAOIb KOTOPHIX PyYHKUHA 
y (x) omHosHauna. 


MockoscKoe pbicmiee TexHHYeCcKoe yunJHUe Tloctynui0 
uM. H. 9. Baymana 21 X 1960 
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Jlorxagn Akafemun nayK CCCP 
1961. Tom 137, Ne 1 


MATEMATHKA 
Unaeu-Koppecnonnzent AH CCCP A. B. MOPOPEJIOB 


O PEFYJIAPHOCTH BbINYKJIbIX NMOBEPXHOCTEK C PErYJIAPHOK 
METPHKOM B MPOCTPAHCTBE JIOBAYEBCKOFO 


Hactosiad 3aMeTKa MocBsAlleHa CulefyiouleMy BOMpocy: Kakylo cTemeHb 
‘perysIApHOcTH BBbINyKJOH NMoBepxHocTH B NpocTpancTBe JloOayescKoro rapauH- 
TUpyeT 3aanve pery/JIAPHOCTH ee BHYTPeHHeEH MeTPHKH, eCJIM O BHeLIHeH top- 
Me NOBepXHOCTH 3apaHee HHYero He MpeNosaraeTcA, KpOMe BbIMyKJIOCTH? 
Jina cilyuad BbINYKJIbIX MOBepXHOCTeH B SBKJIMJOBOM H 9JIJIMMTHYeCKOM MIpoctT- 
PaHCTBax STOT BOMpoc Obl petieH B paOoTax aBtopa (',”). B 3amerxe (*) pemienuve 
Bompoca Opblvio HaMeyeHO JIA JOOOrO MpocTpaHcTBa MOCTOAHHOM KPHBU3HBI. 

OjHako 9TO pellienne WA Cayyan npoctpaucrBa JloOayeBcKoro Heb3A CUHTATS 
 YAOBJIETBOPHTeJIbHbIM, TAK KaK KJIaCC paCCMaTPHBaeMbIX TOBepXHOCTeli orpa- 
HHYeH YCJIOBHEM MOJOXKHTeEILHOCTH TayCCOBOl KPHBH3HLI, He eCTeCTBeCHHbIM 
Jia MpoctpauctBa JloOayesckKoro. 

Tpe6oBaHve NouOxKUTebHOCTH FaycCOBOH KPHBH3HbI NOBEPXHOCTH BO3HHK.10 
Ip MOMbITKe MpocToro NepeHeceHHA MOKasaTeJIbCTBA TEOPeMbI B IBKJIHLOBOM 
cytyuae (1) Ha cyyal nmoBepxHocTeli B IipoctpaucTBe JloOayesckoro B CBA3H 
C yCTaHOBJIeHHeM alpHOPHbIX OMeHOK HOPMAJIbHbIX KPHBH3H BHINYKJIbIX WanoKk. 
Tenepb 3TH OWeHKH NoyyaloTcA 6e3 MpesNONORKeHHA MOJIORKUTeMbHOCTH rayc- 
COBOH KpHBH3HbI. B pe3ysbTaTe TeopeMa O pelyJIAPHOCTH BBIMYKJIOH MoBepx- 
HOCTH C peryJIApHOH MeTpHKOH B NpocrpanctTBe JloOayescKoro MpHHUMaeT cule- 
‘lyroulyio ecTecTBeHHYy10 (cpopmy. 

' Teopema. Ecau 6vinykaan noeepxnocme 6 npocmpaxcmee JIobaxescKoeo 
umeem peeyAAPHy!O MEMpUKY WU eayccoea KPUBU3HA noBepxHOcMU OoALLLE KPUB6U3- 
Hol npocmparcméea, mo nosepxHocmb peeyaspHa. Hmenno, ecAu mempuka no- 
eepxnocmu k pas Ougdepenuupyema (k > 5), mo nogepxxocmo Ouddepenuupye- 
Ma no Kpatineti mepe k — 1 pas. Ecau mempuxka anaaumuueckas, mo noeepxHocme 
| aHaAUumuUdecKas. 

OJ,HUM H3 OCHOBHbIX MOMEHTOB JOKa3aTeJIbCTBA 3TOM TEOPEMbI ABJIACTCA yCTAa- 
HOBJIeCHHe OM€HOK HOPMAJIbHBIX KPHBU3H BbINYKJOH peryApHoH wianku. TaKue 
“OIe€HKM MO XOLy AoKasaTeJIbcTBa TpeOyeTCA NOMYYHTS B ABYX MIpeAMOJOKeHHAX: 
1) npu ycnoBun orpaHWueHHOCTH HOpMaJIbHbIX KPHBU3H Y Kpad Waku, H Tora 
‘pedb HeT O PpaBHOMePHbIX OMeHKAX HOPMAJIbHOM KPHBU3HbI Ha BCeH Wallke; 
2) 6e3 KaKUX-HOO MpelnouoweHuH Ha Kpalo WanKH, NpHuem TpeOyetca Mowy- 
YUTb OL€HKM HOPMaJIbHOM KPHBH3HbI Ha MHOMKECTBE BHYTPCHHHX TOUeK, PaBHO- 
MepHO yJ\aJieCHHbIX OT IJIOCKOCTH Kpas WlalkKH. 

_ Jina Toro uTo6bl MpousOCTpHpOBaTb MeTOL, KOTOPbIM BOTIpoc 06 oleHKaXx 
HOPMAJIbHBIX KPHBH3H pellieH Oe3 peANOJIOHKeHHA MOJIOMKUTebHOCTH Traycco- 
BOM KPHBH3HbI, pacCMOTpHM IepByio, Oowee npocry1o 3safqauy. WMrax, nyctp 
® — Maja peryJApHad BbIMYyKJaA WallkKa C MJIOCKOCTbIO Kpas O B IIpocTpaHcTBe 
JloOauesckoro c KpHBu3HOU kp, = — |. IlycTb HopMaJIbHbIe KpMBHSHbI Wank 


BOM Kpad OrpaHWueHbI NOCTOAHHOM Cy, a YIJIbl KACATEMbHBIX MJIOCKOCTeH C M10- 
KOCTbIO OCHOBaHHA Wanku — nocTosHHOH Yo <_ 1/2. OOo3HauHM X MpOH3BOuIb- 


‘HyIo TOUKY wanku, % (X) — MaKcuMaJbHyIO HOpMaJIbHy!O KpHBUSHY manku 
‘B Touke X u 0 (X) — yron, KoToppiii OOpasyeT Nepnenqukyap, onyuleHHbili 
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. 


u3 TOUKU X Ha MVIOCKOCTb O, C BHYTPeHHeH HOpMAaVIbIO Walk. PaccMoTpuM (PpyHK- 
LLHIO 

pa FE LA) 
(cos @ (X))* 


w (X ’ 
re |) — HeKOTOpad MOMORKUTeMbHAA MOCTOAHHAA, KOTOpad OyfeT onpesemena 
11032Ke. ad 

@yuKuusa w (X) MocruraeT MakcuMyMa B HeKOTOpo Touke Xo wanku. IIpu 


9TOM MOryT MpekcTaBHTbCA Be BOSMOXKHOCTH: 1) TOUKa Xo exKUT Ha Kpalo Wan- 
Ku; 2) Touka X, ABJAeTCA BHYTpeHHe TOUKOH WankH. B nepBom ci1y4yae, oue- 
BULHO, W < ¢,/ (cos 0)", H MbI MoJly4aeM OWeHKY JIA HOPMAJIbHEIX KPHBH3H 
% < co/ (cos Bo)”. 

PaccmoTpum cvly4ait, Kora TouKa X, ABJIAeTCA BHYTpeHHeH. Bpejlem B OK- 
pecTHocTH TOUKH XA, Ha MOBepXHOCTH WankH NoMyreosesHyeckyl0 KOOpAMHAT- 
HY! C€Tb U, UV, IPHHAB 3a JMHHIO U, MpOXossAUlylo yepes TOUKy Xp, reosesu- 
yeCKYIO B HalpaBJIeHHH MaKCHM@JIbHOH HOPMAJIbHOM KPHBH3HbI, a 3a JIMHHIO 
v — nepnenankysiApHyio reogesuueckyio. B KayecTBe MapaMeTpoB U HU VU BO3b- 
MeM JLyrH STHX reosesnueckHX. IIpH 9TOM JIMHeMHbIM SeMeHT Wank MpHMeT 
pun ds? = du® + c2dv*. B tTouxe X, c=1, G=a%=0, Cu =—R, 
Cun = 0, Coo = 0. k — rayccopa KpHBH3Ha WaNKH B ToUKe Xp. 

O6o3HauuM Tenepb x (X) HOpMaJIbHYyIO KPHBU3HY WankH B TOUKe X B Ha- 
npaBleHHH U H BBeeM B paccMOTpeHHe yHKIHIO 


Oi) See 
(cos 0 (X))* 

Tax kak % (X) <x (X), a % (Xo) = % (Xo), To byHkuna w (X) Tome MocTuraer 
MakcuMyma B ToUKe Xo, H Halla 3afa4a CBOAMTCA K OMWeHKe Be/MUMHbI 9TOTO 
MaKCHMYyMa. 

EciM B38Tb B MPOCTPaHCTBe MPOH3BOJIbHYIO MIOCKOCTb 9’ WH O603Ha4UTb Z 
paccToAHue TOUKH (U, V) WaNKH ® OT 3TOM MIOCKOCTH, TO 2 KaK (yYHKUMA U, V 
YLOBJeTBOPAeT C/eLyIOULeMy YPaBHeHHIO, aHaorH4uHOMy ypaBHexmio Japoy 
B 9BKJIHJOBOM CJly4ae: 


(r +a) (t + 7)—(s +8)? +4 =0, (#) 
a=—(1—p)thz, B=pqthz—“q, 
y=—(@—@) thz + cc —— 4, 
8 = —(1 +8) (? — ep — @), 


rie p, g, fr. s, ¢ — MepBble H BTOpbie MponsBoAHHIe 2 No uM v. KosdpurnexTal 
L, M, N stopoli kBaapaTH4Hol cbopMbl MOBepXHOCTH AoMycKaloT MpescTaBeHHA 


_rt+a _s+8 sys Aik 
byes A , M= A > N= A > 
g? 
Ai=1—p'——+, 
a HOPMaJIbHaA KPHBH3Ha 
¥ (X) = r—(1—p*) thz 


(ta pt gory’ 


Bo3bMeM B KauecTBe MJIOCKOCTH 0’ KaCATeJIbHYIO MIOCKOCTb WanlkH B TOUKe Xo 
H OyeM CUHTATb Z MOMOXRUTeMbHDIM C TOM CTOPOHbl, Mle pacnoslomKena Waka. 
Torga Bp Touke Xe p=g=0, a tak kak M =0,T0s = Out =0 (l/r). 
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TloioxKHM JWI KpaTKocTH 


w = «A, ‘= 1/ (eos 6)". 
Torga, MpHHuMas BO BHHMAHHe, YTO W, = W, = 0. B ToUKe Xo Oyem UMETH 


TloactaBisa 9TH NpOv3BOAHbIe B ypaBHeHHe, nosyyeHHoe uddbepeHunpo- 
BaHHeM (*) JBaxKIbI NO Wu, Mowy4uM 


1 Mau 2 doo My 2 
F (Wut + Wor) — (1 +k) 4 — PS 4 2k, * +0 (7?) = 0, 


rye O (r?) — kBaypaTHblii Tpex4sleH OTHOCHTEbHO rc OFpaHH4YeHHbIMH Kospdpu- 
WHeHTaMu. Tak kak w flocTuraeT B TouKe Xo MaKCMMYyMAa H, CJleOBaTe/IbHO, 
Wuu 0, Woo <S UNE a 


Dun Py. 


h h 
et ga oe oka - +0 (r) 0. (#8) 


Ec B KauecTBe MJIOCKOCTH O’ B3ATb MJIOCKOCTb OCHOBAHHA WankH O, TO A 
MOXKHO TipefcTaBuTb B Be 


1 & 
(1 — 2 — A / cP? 


rye h — paccTosnne TOUKH (uU, V) WaNKH OT MocKocTH Oo. Orciosa culelyerT, 4TO 
IIpOH3BOAHbIe A, KOTOPbIe BXOAAT B HepaBeHCTBO (**), BbIPaxKaloTCA epes 
MTIpousBosHpe h. OTH NpOUsBOHbIE MbI HAXOMHM, HCMOJIbSyA HHBapHaHTHOCTh 
KOSPPUUMEHTOB BTOPOH KBapaTH4HOH ChopMbI NOBepXHOCTH @ MO OTHOLIeHHIO 
K IIpOCTpaHCTBeHHbIM NapaMeTpH3allHAM, T. €, C MOMOMLbIO TOXKMECTB 


r—(1—p)thz3 Pua —(1— fi) thh 


(4 — p?— q?/ 2) ~ i— — h? | c2' 


Bpeflenne Mpou3BoqHEIx A B HepaBeHCTBO (**) MO3BOJIAeT TpHaTb emy 
clelyloulyiIo topMy B TouKe Xo: 


Sele hae Are + Br + CS 0, 


rie A, B, C — orpanuuenHple BbIPaKeHHA, mpHyem A onycKaeT OWeHKy, He 
3aBHCALLYIO OT ». YMHOMKAA ITO HepaBeHCTBO Ha A, NoyYHM 


— 2p (1 +k)w? + AW? +0) > 0. 
Ecm Tellepb MbI BO3bMeM 2 HaCTOJIbKO OOJIbUIMM, 4YTOORI — 2p (1 + Rk) + 


+A< —1, To HepaBeHCTBO NpHMeT BHI 


—w*? +0() > 0. 
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Orcioya culelyeT, UTO W B TOUKe Xo He MOXKET ObITb CJIMUIKOM OOJIbUIMM, a 9TO 
H JlOKa3bIBaeT CYILeCTBOBaHHe JIA Hero OWeCHKH Wo. OleHKa W ABJIACTCA BMeCTe 
C TeM OWe€HKOM Wa %, TAK Kak % (X) Cw (Xo). 

YcrTaHoBsleHHe OL€HOK HOPMAJIbHbIX KPHBH3H CTPOrO BHYTPH Waku, Ban 
OT IllOCKOCTH Kpax, MOydaeTcA aHaJIOrHYHbIM PpaCCMOTpeHHeM BCMOMOraTeJIb- 
HOH yHKUHH 


B(X) = 2AM) 


~~ (cos ® (X))®? ) 


rye x u 0 MMeIOT NpexkHHe 3HaueHHA, ah (X) paccTosHHe TOUKH X OT MJIOCKOCTH 
Kpand wWalkH O. 


@u3HKO-TeXHHYeCKHii + HHCTHTYT HH3KHX TemMepaTyp Tlocrynuao 
AkayemuH HaykK YCCP 15 XII 1960 


IMTHPOBAHHAH JIMTEPATYPA 


LAS Bello ro pen 0 B, Ms3rx6anve BBINyKIbIX MoBepxHoctel, 1951. ? A. B. IIo- 
cropeaos, Hexoroppie BONpOcbl TeOPHH MOBepXHOCTeli B 9SJIJIHITHYCCKOM MpOCcTpaHcTBe, 
Xappkos, 1960. °% A.B. Toropeaos, JAH, 122, Ne 2 (1958). 
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Jtoxrrayo AKkankemun nayr CCCP 
1961. Tom 137, Ni 4 


MATEMATHKA 


E. ©. CKJIAPEHKO 
O COBEPHIEHHbIX BHKOMMAKTHbIX PACIIMPEHUAX 
(Hpedcmaezexo axademuxom I. C. Aaexcandpoesim 14 X 1960) 


Ilycrs X — BomHe peryaapHoe mpoctpanctso. BukommakTHoe pacuin- 
‘penve Y npoctpanctsa X Ha3spipaeTCA COBeEPUWeCHHBIM OTHOCHTE J b- 
HHO OTKPHTOTO MHOxKecTBa UC X, ecm 3aMbiKaHne B Y rpa- 

Haupt Fr,U muoxectsa U Bp X aBsanetca rpanuueli B Y mMHoxwecTBa O¢U)*. 


| Pacumpenne Y Hasprpaetca MpoctrOoCOBepUle€HHBHIM, e€CJIM OHO COBepiileH- 
‘HO OTHOCHTeJIbHO BCAKOFO OTKpbITOrO MHOxKecTBa NpocTpancTBa X, 

- Jlemm™a il. JIycme 6 — omnowenue 6ausocmu Ha npocmparncmee X, co- 
“omeemcmeyroiee OukomnakmHomy pacuiuperiuto Y. Bukomnakmuoe pacwuupenue Y 
npocmpancmea X ABAKEMNCA COBEPLIEHHbLM OMHOCUMeAbHO OMKpPbINo20 MHODHCeECM- 


ea UTX moeda u moaoko moeda, Koeda 0as ecaKoeo mHooecmea ACU us Ab FryU 
\ 


caedyem, umo Ad (X NU). 

CnmencetBue. Yexoeckoe pacuupenue BX enoane peeyAApHoeo npocmpan- 
cmea X AbAKeEMCA COBepileHHbim OUKOMNAKMHbIM pacuupenuem ** 

Crelyroulad TeopeMa MOKa3bIBaeT, YTO MOXKHO [aTb HECKOJIbKO paBHOCHJIb- 
HbIX MeKy coOoH onpeeeHHi COBepUIeCHHbIX OMKOMIMAKTHbIX pacilMpeHHit. 
Kak o6pmHo, Gyem roBopuTb, YTO 3aMKHYyTOe MHoxecTBO F pasOuBaeT 
NMpoctpauctspo X Ha MHORKecTBA UU U2, eran X\F= 
= UiU U2, rae U1 u Uz — uenycrTsie oTKpbiTpie B X MHoxkKecTBa, MpHyem 
Uif| U2 = A. Byzem ropoputs, 4To MHoxKecTBO WN (y2Ke He OOA3aTeEIbHO 3aMKHy- 
Toe) pasO6uBaeT NpocTpauHcTBOY BTOUKeYEN, ecau y 9TOH 
‘TOUKM cyulecTByeT oKpectHoctb U tTakas, uto U/\(Y NN) =V'UV’, rae 
V’ u V’—orxppitpie B Y\N muoxectsa, mpuyemV’(\V" =AnyeYIV IY (VI. 

Teopema l. JIycmb Y — 6ukomnakmuoe paciuupernue enoaHe peeyasp- 
Ho20 npocmparcmea X. Caredyroue ceoticmea pacwupenua Y skéeueaneHMHot: 

1) pacuupenue Y coébepiuenno; 

2) Hapocm Y\X He pas6ueaem OuKkomnakm Y nu @ Kako ceoetl mouke 

3) Onx At0Ob1x Osyx HEnepeceKaroujuxca OMKpELMoLX mHOscecme U1 u Uz umeem 
mecmo coomHowenue **** 


: ORUy UU = 0 UL OU); 


A) ecau samKnymoe mxoocecmeo F pas6ueaem npocmpaxcmeo X Ha mHoOoKecm- 
ea U uV, mo mxoxecmeo Y [F] pasdueaem Ouxomnakm Y xa mHoxecmea O <U) 
Uu O <V> KAKKE Ad 


* Oy<U> o3HauaeT HanOonbuee OTKPbITOCe MHOXECTBO MpocTpaHctBa Y, BbICeKaloujee Ha 


mpocrpauctse X muoxectso U, Tt. e. OCU> = Y\Y [XNU]. B jaubueituiem 6ynyT mupoKo 
HCNOMb30BaTLCA TEPMHHOJIOFHA H pe3syWJbTAaTbI U3 CTATbH (°). 
** OToT pesyJbTaT mpHHagvexuT }O. M. Cmupnosy (°). 

*** B  TIpHMeHeHHH K YeXOBCKOMY PpaCIIHpeHHIO 3TO CBOLCTBO MQXKHO paCCMATPHBaTb KaK 
O6o6meHHe cezyioulero pesyibTaTa XeupuKcena H McGeuvia (*): OTKpbITOe MHOmxecTBO U B ue- 
XOBCKOM pacummMpeHuu 8X mpoctpanctBa X CBA3HO Tora H TObKO Tora, Kora CBASHO MHOxe- 
etBo U()X. Stor cbakT, Takum O6pa30M, CipaBeAIMB AIA JOO0rO COBepLeHHOrO pacuIMpeHHa, 
(*#*% QameTuM, UTO 9TO COOTHOLICHHE BbIMOIHACTCA JIA JOObIX JBYX OTKPBITHIX MHO2KECTB TOF- 
(4a WM TOKO Tora, KOra MpOCTpaHCTBO HOPMAIbHO, a PaCIUMpeHHe ABMAeTCA YeXOBCKHM. 
**#% Bech Heb3A OTOPOCHTb TpeOoBaHHe, uTOGnI Y [F] pasOuvBano Y uMeHHO Ha MHOxKeCTBAa 
‘O<U> u O<V>, Tak Kak MHa¥e CymeCTBOBAaIH Obl HECOBepLIeHHbIe OAKOMMAKTHBIe paciMpeHua, 
YAOBJeTBOp AIONIHe STOMY YCJIOBHIO. 


: 


KEK. 
? 
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Teopema 2. Juan moeo umobe 6ukomnakmxoe pacuupenue Y npocmpar- 
cmea X Obvl20 coeepiulenHbim, HeoOxodUMO uU Oocmamo4HO, umoOel ecmmecmeenHoe 
omoOpascenue “exoecKoeo pacuupenua 8X Ha paculupenue Y 6b12a0 MOHOMONHELM. 

Yrtpepxkenve TeopeMbl 2 3aKJOYeHO B CJIeLyIOUlNxX JByX JIEMMAaX. 

Jlemma 2. IIycme Y — coeepwennoe OukomnakmHoe pacuupenue npocm- 
paucmea X u Z— npous60AbHoe OukKOMNaKMHOe paciuupenue moeo sce npocm- 
paxcmea, caredynwee 3a pacwwuperuem Y; moeda ecmecmeeHHoe omobpasceHnue 
p: Z — Y monomonno, 

JlIemma 3. ITycmo Z— coeepwuenHoe OukomMnaKmHoe pactuupenue npo- 
cmpaxcmea X u Y — 6uKomnakmnoe paciiupenue moeo oe npocmpancmea, | 
npedwuwecmeyroiee pacuiupenuto Z, npuem ecmecmeenHoe omobpascenue g~: ZY 
MOHOMOHHO, moeda pacuiupenue Y cosepweHno. 

IIpoctpanctpo N Ha3pipaeTcA MOHKTHMOPMHBEIM, eCIH BCAKOe 
efO CBA3HO€ GHKOMMAKTHOe MOAMHOXKECTBO CBOAUTCA K OHO TouKe. V3 Teo- 
pembl 2 vu viemM 2 w 3 BbITeKaeT CJlelyroulad Teopema. 

Teopema 38. JJ pocmpaxcmeo X moeda u moabko moeda o6aadaem mu- 
HUMGAbHOLM COBePLeHHbIM paculupeNnuem, KOeda OHO uMeem xomA Obl OOHO Ou- 
KOMNAKMHOe pactuupeHue c nONKMu@opmHoLm Hapocmom. B amom caywae MUHUMAND- 
HOe COBepiueHHoe pacuupenue »X eduncmeeHHOo, OOAAOaem noXKmudopmHoem 
HAPOCMOM LU ABANEINCA MAKCUMQAAbHbIM CpeduU Bcex OuKOMNaKMHoLxX paculupenut 
Cc NONKMUGdOpMHeLM Hapocmom. 

OueBHHbIM CyleqcTBHeM Teopem | H 3 ABJIAeTCA CieLyloulee ycHleHHe Teo- 
pemp! Jlyza (3) 0 npoxouKeHHH TromMeoMopdu3MoB Ha OMKOMMAKTHbIe pacwin- 
peHHa: 

ITycmp Y1 Ww Y2— 6ukomnakmnole pacuupenua npocmpancme X1 u Xe 
makue, umo HapocmetY1\X1 u Ye\ X2 nonKmuqopmHol u HU 6 KaKOl ceoet mouKe 
He pasOuearom 6uKomnakmol Y1 u Y2. Toeda ecakut eomeomopqusm (ecau maxko- 
gol cyuyecmeyem) mexcdy npocmpaxcmeamu X1 u X2 npodoasxaemca Oo 20meo- 
mopdusma meoxdy OuKkomnakmamu Yi u Ye *. 

Teopema 3 noKa3bIBaeT, 4TO MpocTpaHcTBO OO6NafaeT eJMHCTBCHHEIM CO- 
BeEPINeHHbIM PaclIHpeHHeM TOrla HM TOJIbKO TOra, KOra HapOcT B ero YeXOBCKOM 
PpacluHpeHHH ABJIAeTCA MOHKTH@OpMHbIM. JA MeTPH3yeMbIX MpOCTpaHCTB 3TO 
IIPHBOANT K CyleLyIOuleMy pe3yJIbTAaTy: 

Teopema. 4. Yexoeckoe pacuiupenue mempusyemozeo npocmpaxcmea X 
mozda uU MOAbKO moeda ABAKeEMCA eOUNCMBEHHELM COBePWeHHoIM OUKOMNAKMHoLM 
pactuupenuem, Koeda X = D|JU, ede DW — komnaxm u dim U = 0. 

Ilpu RoKa3aTenbcTBe STOH TEOPeMb! HCMOJIb3yeTCA CeAyIoUulaA JIeMMa. 

Jlemma 4. J]ycme X — HOpmaabnHoe npocmpancmeo, Xn — mHOoKecméeo 
mouwek x € X makux, umo loc dim,X > n**. Ecau mnoocecmeo Xp, He Komnakm- 
HO, MO HAapOcM 6 4exO06CKOM pacllupenuu npocmpancmea X codepocum 6uKomnaKkm 
pasmepxHocmu > n (6 cmoicae dim). 

Ilyetb Tenepb X — nepudepuyeckH OukKOMNaKTHOe xXaycfopdoBo mpo- 
cTpauctBo. 7-BuUKOMNAKTHOH OaA30 Ha TAaKOM NpOcTpaHcTBe Ha- 
3bIBaeTCA 6a3a OTKPbITbIX MHOXKECTB Taka, YTO: 1) rpaHHUbI MHOMKeCTB STOH 
6a3bl OHKOMMAKTHbI; 2) C KaxKAbIM MHOMKecTBOM U eit npHHaqiexuT X\X[U] 
WC JOObIMH JBYMA MHOxKecTBaMH Ui u U2 ei mpHHagexatT MHoxecTBa Ui{ | U2 
uw Ui) U2. Kaxkyoli 1-6nkOMNaKTHOH 6a3e ECTeCTBEHHBIM OO6Pa30M COOTBETCTBYeT 
OTHOIWeHHe OH30CTH Ha MpocTpaHcTBe X, H OHKOMMAaKTHOe paciINpeHue, co- 
OTBETCTBYIOMLee STOMY OTHOLICHHIO OM3O0CTH, OOaaeT HYJIbMepHbIM (B CMBIC Je 
ind) Hapoctom (*). Takue OvKOMMaKTHBIe pacuiMpeHus (T. €. COOTBETCTBYIONI He 
-OMKOMIAKTHbIM 6a3aM) Mbl OyeM JIA KpATKOCTH Ha3bIBaTb I-p aC Il H p e- 
HM AMH. Pa3snM4HbIM 1-OHKOMMAKTHBIM 6a34M MOXKET COOTBETCTBOBATb OHO 
HM TO »%e m-paciuupeHne. Uto6nl sToro H36exKAaTb, HYKHO PpaCCMATPHBATb I-OH- 
KOMMAaKTHbIe Oa3bl, YOBMeETBOPAIOUMe CueAyIOUeMy JONOJIHHTeIbHOMy ycJ0- 


* OrnuHe 9TOH PopMysMpoBKH OT Teopembl Jlyfa COCTOHT, BO-IepBLIX, B TOM, 4TO TaM, eC 
JH HCMOb3OBaTb HaWH O6O3HaueHHA, Y; H Y2 — KOMMAKTHI, H, BO-BTOPbIX, UTO yCJIOBHe «Hepas- 
6veHHA» OMKOMMaKTOB HapOCTaMH MOHHMaeTCA 3eCb B MeHee OFpaHHYHTebHOM CMBICJe. 

** OnpejeeHHe JIOKaJIbHOM pasMepHocTH cM. (2). 
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BuIO: WycTb U — oTKpbitoe MHOxKeCTBO MpocTpaHctBa X c OMKOMMAaKTHOI 
TpaHuleH Takoe, TO AA mMOOoro 3aMKHYyTOrO MHOxecTBa A C U cyuecTByer 
MHoxecTBO V u3 Oa3bl, CosepKaitee A u comepxKauieeca B U; Tora camo MHO- 
wecTBo U jJowKHO NpHHaqiexaTb Oa3e. CooTBercTBHe MexK]y TaKHMU 1-OH- 
KOMMaKTHbIMH 6a3aMH HV X-paclivpeHHAMH ABJIAeTCA B3AMMHO-OJHOSHAUHbIM. 

Cpequ m-pacuiMpeHuii mpoctpaucTBa X, oveBHyHO, HMeeTCA eAHHCTBeEHHOe 
MaKCUMaJIbHoe — paClINpeHve, COOTBeTCTBYyIOIee M-OHKOMMAaKTHOM 6a3e, co- 
CTOAMLeH M3 BCEX OTKPBITbIX MHOMKeCTB C OHKOMMAKTHOH pannel. 

Teopemad. Makcumaarbnoe n-pactuupenue coeepuleHHo. 

M3 Teopem 3 u 5 HemocpeycTBeHHO Culelyer, ITO MAKCHMaJIbHOe 1-pacummpe- 
‘He TlepudepuyeckH OMKOMNAKTHOrO MpoctpanctTBa X copmaaeT C MHHUMAJIbHbIM 
COBePIICHHBIM paciuupenvem »X Hv, CJIeOBATeJIbHO, ABJIAe€TCA MAKCHMAJIbHBIM 
Cpe pacwiMpeHHit c MOHKTHOpMHDIM (B YaCTHOCTH, C HYJIbMepHbIM) HapocTom. 
' Cnenyrouyve Be TeopeMbI LaloT B HEKOTOPOM CMbICJIe ONMCaHHe OMKOMMAKT- 
HbIX PpaCluHpeHHul MepHdepuyuecKH OMKOMMAKTHOrO MpocTpaHcTBa, Cle yIOulHx 
3a MAKCHMA@JIbHBIM Ji-paciiiMpeHveM MH MpesiecTByIOuIHx emy. 

Teopema 6. Bukomnaxmuoe pacwuupenue Y nepudepuuecku 6uKkomnakm- 
HOe2o npocmpancmea X moeda U MOALKO mozda CAeOYeEM 3A MAKCUMAAbHOLM 5-pac- 
iwupenuem 1X, KOe0d OHO COGeplleHHO OMHOCUMEALHO BCEX OMKPbIMoLxX MHODCeCMe 
npocmpancmea X, umerujiix OukomnakmuHyto epanuiy. 

Teopema 7. Bukomnakmuoe pacwtupenue Y nepudepurecku 6uKomnakm- 
(Ho2o npocmpancmea X mozda u moAbKO moezda npedwecmeyem maKcuMaAbHOMY 
gt-pacuupenuto »X, KO2eda OHO coomeemcmeyem KaKoll-Auo0 pasHomepHou cmpyK- 
Mype KOHE4NOLX OMKpolINoLX nOKpoIINUt, COCMOALWUX US MHOCecMe C OuKOMNAKM- 
Hou epanuyed. 

B 3aKJNOUeHHe MpHMeHHM MIpedbiyuHe pesyJbTAaTbI AIA MOJyYeHHA OTBeTAa 
‘Ha culeqyloul“it Bonpoc u3 o630pa II. C. Anexcanyzpopa ('): BcaAKoe IM mepu- 
bepHueckH OHKOMMAaKTHOe MpocTpaHcTBo OG/layaeT OMKOMNAKTHBIM pacuinpe- 
‘HHeM C HYJIbMepHbIM HapOcTOM, HMEIOILHM Ty 2Ke€ pa3MePpHOCTh, YTO H CaMO IIpo- 
iCTpaHcTBo. OTBeT OKa3bIBaeTCA OTPHULAaTebHbIM. [lycTh X — MHO?KECTBO TOUeK 
‘€(MHHUHOFO KBapata Ha MJIOCKOCTH, Y KOTOPbIX XOTA Obl OHA KOOPAMHATA pa- 
MMoHabHa, Y — 3aMbIKaHve MpocTpaHCcTBa Ha MVIOCKOCTH (T. e. eQMHHUHDIM 
KBajlpat). M3 Teopem | u 3 cneqyert, uTO BCe OHKOMMAKTHBIe pacuiMpeHusA Mpo- 
‘cTpaHcTBa X C HYJIbMepHBIM HapocToM MipesulecTByloT pacuiMpenuio Y, oTkyfa, 
‘B CBOIO OYepeb, BbITeKaeT, YTO BCE OHH HMECIOT pasMePHOCTh > 2, B TO BpeMA 
‘Kak pa3MepHOCTb MpocTpauctBa X paBua |. 


MockoscKHit rocyapcTBeHHbIli yHHBepCHTeT Tloctynuno 
uM. M. B. Jlomonocosa 6 X 1960 


IWATHPOBAHHAS? JIMTEPATYPA 


hije@eaeKkcanazpos, YMH, 15, 2, 25 (1960). *C. H. Dowker, Quart: 
ge.” Math., 6, 101 (1955). °R. Duda, _ Indagationes Math., 22, 2, 132 (1960). 
#E.Cxasapenxo, JIAH, 120, Ne 6, 1200(1958). ®10.M.Cmupuos, Marte. 
k6opH., 29, 1, 157 (1951). ®10.M.Cmupuos, Martem. cOopH., 31, 3, 543 (1952). 
7M. Henriksen, J. R. Isbell, Illinois J. Math., 1, 574 (1957). 
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Jloxzayqn Akafwemun nayr CCCP 
1961. Tom 137, Ne 1 


MATEMATHKA 


M. Ul. XY3YPBA3AP 
K TEOPHM MYJIbTHIJIMKATMBHbIX FPYNM TEJI 
(ITpedcmaéaexo axademuxom II. C. Aaex candpossim 22 X 1960) 


§ 1. Ilyets K — accounaTHBHOe HEKOMMYTATHBHOe Teslo, Z — WeHTp Tesla 
K. MuoxkecTBo Bcex HeHYJIeBbIX 3JIeMeHTOB Tella K oOpa3yeT rpynmy mo yMHO- 
2KeHHIO, KOTOPY!0 MBI Gyjlem OOo3HayaTb Yepes K*. Ec Z* — MHOoKeCTBO BCeX 
HeHYJICBbIX 3JIEMeHTOB H3 Z, TO Z” ABJIAeTCA WeHTpoM rpynnpt K*. B (+) aptop 
WOKa3aJl, YTO KAKI JIOKAJIbHO HHJIbMOTeHTHBIM HOPMAJIbHbIM JeUTeIb rpyn- 
mbt K* cofepxKuTcHh B weHTpe Z* u, CwJesoBaTembHO, cdbakTop-rpynna K*/Z* 
He HMeeT He€TPHBHAJIbHbIX JIOKAJIbHO HHJIbIOTeCHTHbIX HOPMAJIbHbIX JlesMTevel. 
B uactuoctu, K* ne apiaetca RN*-paspemmmon rpynnoi, T. e. K* He oOnaqaer 
BO3SPacTaIOIHM Pa3PelIHMbIM HOPM@JIbHbIM psoM. JleHcTBUTebHO, KaxK Ibi 
RN*-pa3peuwiuMblit HOPMAJIbHbI LeMTeb rpynmp K* coxepxKuTca B ueHTpe Z-. 

B HactTosiel 3aMeTKe JOKa3bIBaeTCA, UTO STH Pe3YJIbTATbI ABJIAIOTCA B He- 
KOTOPOM CMBICJI€e OKOHYATeJIbHBIMH. MMeeT mecTo Culelyloulad o6ulad Teopema: 

Teopema l. Kascdoe mero K moocxo eaoncumse @ meao D, myA~omunau- 
Kamuenasa epynna D* Komopoeo o6Aadaem OecKoHeuHolm YOolearoluMm UneapuaHm- 
Holm ps0oM 


D* Ay DA gas Ds yw of Vy SS 


i= 


3deco: 1) C—yermp mena D; 2) [A,, AJC Aju1, j = 1,2, ..., 20e [Ay, As]— 
v * 
63QUMNolt Kommymanm nodepynn A, u Aj, 3) D*/A, usomopd@uo K"/Z". 
Toka3zsateabcTBo. O6o3Hauum yepe3 D Kobo PopMaJIbHbIX CTe- 
NeHHBIX pAOB Bua at’, roe a;€K, m—wenoe uncso, a HeusBecTHoe ¢ 
i>m 
KOMMYTHpyeT CoO BCeMH 3uIeMeHTaMH Tesla K. Torga D aBasetca TeJIOM, Kak 4a- 
CTHBIM Clyyali THIbOepTOBbIX Ted, OMpeeleHHbIX B (”) (cTp. 187—188). Llentp 
C tena D cocTouT 43 Bcex pxAxoB Bua & 2;,t', rye z,€Z. Acuo, uto D copep- 
i>m 
KUT K. 

Tlokaxem Tenepb, 4uTo Teslo D oOsaqaeT BCeMH CBOCTBAaMH, CccbopMyJIMpo- 

BaHHBIMH B Teopeme. Ecun a = & at’ U Am 0, TO YCMOBHMCA Ha3bIBATb Am 
i>m 

1e€pBbIM KosdPHIHeHTOM 3JeMeHTA a, a KOSPDPHIMEHTHI Am4i, Am+ta,--- 

COOTBETCTBEHHO BTOPbIM, TPeTbHM H T. J. 

Ilyctp A; — mHoxkecTBo Bcex 3u1emeHTOB 43 D*, y KOTOpbIxX MepBbie j KO- 
aspPulveHTow mpHHasexat Z. JloKaxKeM, uTO KarKfloe A; ABJIAeTCA HOPMAJIb- 
HbIM JeauTesem rpynmpt D*. B camom Jese, nyctb a, BEA;. Jlerko BuseTb, 4TO 
SleMeHT a8 TakxKe npHHanexuT A;. Ecnu a €Aj;, To a) TakxKe NpHHaexKUT 
A;, B YeM MOXKHO yOeqHTbCA, CpaBHuBaX MepBble j KOapPHIHeHTOB B PaBeHCTBe 
aa-* = | HW YyUNTbIBAd NpHHalWexKHOCTb MepBEIx j KooppHIMeHTOB 9slIeMeHTAa 

oy * 
a K WeHtpy Z. Ilycrb Tenepb a 6 A; u 8 — NpOn3BO/IbHbIM SJIeMeHT rpynnp D", 
Torga mepBpie j KoaddpuneHToB auiemMeHTa y = Ba8-* copmayaloT C COOTBeTCT- 
BYIOMMMH KOSpPULHeHTAMH JJIeEMeHTa a, B 4eM yOex*KaeMCA, CpaBHHBAaA MepBble 
j koaxtppuNMeHTOB B paBeHCcTBe Y8 = Ba. CreloBaTeJbHO, Y TakK2%Ke NPHHAaexKUT 
A;. Takum o6pa3om, JelicrauTebHo, A; — HOpMaJIbHbI JemuTeb rpynnpt D*. 
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1. M3 onpefesteHusx muHoxkecTB A; BbITeKaeT, 4TO 


Pee AEN Ay Core ty OE ApS Cy, 
[= 


rye C — ueutp tena D. 

2. Hoxaxem, 4to [Ai, Aj] C Aj41. Sto o3HayaeT, 4YTO AIA MOObIX «2 & Aj, 
BE Ai snement BaB-ta-1E€Aj;4,. Kak ye ynomuHasocb, qua a €A; uM mo6oro 
B €D* snepseie j KosdpuveHToB aslemeHTa 8a8-1 coBnayaloT C COOTBeTCTBYIO- 
MMM KospPuuneHTaMH 3IemeHTa a. EciM K Tomy xe 8 €A1, To MMeeT MecTO 
‘CoBlageHHe TakxKe M COOTBeTCTBYIOULMX MepBeix j + 1 Kosddunuentos. Ilo- 
stomy (8a8-%) a-! umeer Bug 1 +O, +..., Te. BaB-ta-1GAjiy, 4TO 
H TpeOoBalocb JoKa3aTb. 

' 3. Jina 3aBepuieHHA WOKa3zaTeIbCTBa TeOPeMbI OCTAJIOCb MOKa3aTb, 4TO 
D*/ Ai usomopduo K*/Z*. Onpezenum oro6paxenve g: D* — K* cueqyouim 
o6pasom. Ecau a — mpou3BoubHbIit aemMeHT U3 D* HW adm — nepBblit Koatppu- 
IMeHT S9JIEMCHTAa a, TO ap = Am. JlerKO BUeTb, ATO OTOOPaKeHue | ABIAeTCA 
Tomomopdu3mom rpynnpt D* na rpynny K*. Sapo N storo romomopdusma co- 
CTOHT M3 BCeX 9JIeMeHTOB u3 D*, y KOTOpHIX MepBbllt KospdpunHeHT paBeH |. 
Takum o6pa3om, NV CAi. CnefopateibHo, roMomopdu3M @ HHAyWupyeT romo- 
Mopdu3m rpynmpr Ai Ha Z* c Tem xe aZpom N. Utax, D*/N ~ K*, Ay/N =~ 2’, 
Orciona (D*/ N)/(Ai/N) ~ K*/Z*, tT. e. D*/A1 ~ K*/Z*. Teopema okasana. 

Sameuaunuel. Kaxypii nopmanbupli fenutenb Aj, j= 1,2,..., 
rpynnout D* asaaetca ZD-rpynnoi, T. e. Aj oOsagaeT yObIBalouluM WeHTpasb- 
HbIM pxAjlom. B yactuocTu, A; aBsaetca RK-rpynmoi u, Tem Oouee, RN-rpyn- 
nou, T. e. Aj; oOanafaeT paspeulIMMoH HOpMaJIbHOK cucTemolt. OgHako A; He 
cofepxKuTca B WeHTpe C*. ScHo, To B dakxTop-rpynne D*/C” cyuectByr1or 
HeETPHBHAJIbHbIe HOPMaJIbHbIe emutTemm A,/C*, saBanioujeca RN-rpynnamu 
(RK-rpynnamu, ZD-rpynmann). 

Sameuaunue 2. M3 nepsuunocru daxtop-rpynnet K*/Z* (cm. (})) 
BbITeKaeT, TO Ai ABJACTCA NMCPBHYHLIM HOPMAJIbHBIM JemuTenemM rpynnp D*, 
Takum o6pa30M, AA MYJbTHNIAKATHBHOU Fpyiiibl Tela WeHTp He OOA3aTeWIb- 
HO ABJIA€TCH e€HHCTBCHHbIM IepBHYHbIM HOPMAJIbHbIM {eJIMTeJIeM. 

Sameuauue B. B (?), crp. 191, npuBoxuTca npuMep, MoKaspiBaromlHh, 
NTO MYJIbTHMIUKAaTHBHaAA Tpyima Tela MO*KeT cosepxaTb OeCKOHEYHbI yOut- 
‘Baiouluii UHBapHaHTHIi pay. Hama Teopema noKasbiBaeT, YTO TaKaA CHTyAaIluA 
ABJIACTCH JOBOJIbHO OOmlelt. 

§2. Teopema Kaprana — Bpayspa — Xya (cm. (*), crp. 186) ycranaBau- 
BaeT, uTo ecmH M — coOcTBeHHoe osteo Tena K, He CosepxKalleeca B WeHTpe 
Z tena K, To MyTHMMMKaTHBHaA rpynna M* He ABIIAeTCA HOPMAJIbHBIM JlevIMTe- 
Jem rpynnp K*. B (3,4) nokasaHo, 4TO B 3TOM Cay4ae rpynna M* ne aBuaetca 
flake UeHOM Kakoro-M60 KOH €4HOTO HOpMalbHorO pxAga rpynn K*, 
Siecb MbI JaemM JambHeMuIee OOOOuleHHe STOrO pesyJIbTaTAa. 

Teopema 2. JIycmb M — co6écmeexnoe nodmeao mena K, ne codepoa- 
weeca 6 yenmpe Z mena K. Toeda myaomunauxamuenaa epynna M* ne seanem- 
CA “WNeHOM HUKAKO2O gospacmarouseco (B00biMe, MpPANCiPPUNUMHO2C) HOPMaAbHOeO 
ps0a epynne K". 

Kak o6ptmHo, Mb OyfeM HasbiBaTb Nofrpynny H cyOuuHBaApH aH T- 
HOW Brpynne G, ecuu H aBaAeTCA UIEHOM HeEKOTOpOrO BOspacTatoulero (BO- 
oOiue, TpanccbHHUTHOrO) HopMabHoro paya rpynnp G. Bb. UW. Maorkun (°) 
qoka3a, uro ecu R (G) — pagukan rpynnpi G, To Axa t000H CyOMHBapuaHT- 
Ho nlosrpynns H rpynmpi G umeer mecto cooTHouenve R (H) = R (G)()H. 
‘C apyrof cropoubl, aBTopom moKa3auHo ('), 4TO JWIA MYJIbTHMIMKAaTHBHOM rpyn- 
mb AK" tena K payuKa copmagaer c uexTpom Z*. CulefqopatenbHo, ecu M* 
-cy6uHBapuanTHa B A", To wenTp Tela M jloumKeH JiexKaTb B WeHTpe Tesla K. 
Tlostomy, ecw M Ha caMoM Jlesle ABJIAeTCA MOJIeM, He cOfep2xKauuMes B Z, 
‘to M* ne moxer ObITb CyO“HBapHaHTHOH Nosrpynnol rpynnp K*. Takum o6- 
‘pasom, Teopema foKa3aHa JIA calyuad, Korga nofsteto M komMyTaTHBHO. 
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Urto6bl MoKa3aTb Teopemy B OOLIeM cayuae, HaM nloTpeOyioTcA HeEKOTOppIe 
Jlemmpl. O6o3Hauum V (M) = {x€K|xm = mx aaa seex méM} u N (M) = 

= {y&K|y-1My = M}. V (M) uaspipaetca WeHxTpamu3aTopom noxTena M BK, 

Jlemma 1 (cm. (2), crp. 186). Zycme L u M — nodmeaa mena Ku L* SG 
CN (M). Toeca au6o LCM, aubo LCV (M). 

Jlemma 2. JITycmp M — nekommymamuenoe coOcméenHoe nodmeno mena 
K, a V(M) kommymamueno. Toeda M* xe seanemca cyOuneapuanmnot nodepyn- 
nol erik -. 

Tokxa3zsateaberTso. I[Ipeqnonoxum, uto M* cy6unpapvautTHa u 


M*CA,CALC ..., CAaCAed C..., CA, = K° — Bospactaiomni Hop- | 


MaJIbHbIi pA. Mpoxoxamui uepes M*. TloKaKem, 4To Kab wien 9TOFO psa 
comepxutca BN (M). Sto Gye o3HauaTb, uTO H Ay = K* CN (M),T. e. M* — 
HOPMaJIbHbIi euTeb rpynnp A*, 4To MpoTHBOpeyHT Teopeme Kaprana — 
Bpayspa — Xya. 

Ilo noctpoenuio, AiCN (M). Ti]peqnonoxum, to Ana Bcex B <a ApC 
CN (M). Ecau a — nmpefembHoe TpanctbuHUTHoe 4HCIIO, TO Ag ie AgpCN (M). 


Ecau xe cyulecTByeT 4—1, To a mo6oro xGA, MBI Anan Vea 
Cx1 Ag x = Aen CN AM), then Be (t oe” CON OV). Bena eer 
mu60 x31MxCM, anu6o xt1MxCV(M). Tax kak V(M) kommytatTuBHo, 
a M wekommytatuBHo, uto x-tMxCLV (M). Cneqosatenbuo, x *MxCM gaa 
mo6oro x€Ag. Tlockonpxy Aq saBsaeTcA rpynnon, x1Mx = M gana smo6oro 
x€Aa, T. e. AgC N(M). Jlemma JoKa3ana. 

Sametum, uTo ecu V (M)C M, To V (M) kommytatuBHo. Takum o6pa3om, 
MbI HMeeM: 

CnenacetsBue. JIycmp M — xekommymamuenoe coOcmeexHoe nodmeno 
mena K u V(M)CM. Toeda M* ne seanemca cyOuxeapuanmHot nodepynnot 
@ Kk. 

Ccopmysmpyem elle ofHy JeMMy, KOTOPpad MoxeT ObITb MpoBepeHa. 

Jlemma 3. JIIycmp M — nodmeao mena K u npednonrosxum, “mo cywwe- 
cmeyem saemenm a€V (M), a&M. ITycme A — muxumanroxoe nodmeao, codep- 
acaujee a u M. Toeda yexmpaausamop nodmeaa M e A coenadaem c yenxmpom 
mena A u, caedosamerbHo, KomMmMYymamue6eH. 

TJoka3atTeabceTBo TeopeMmMbu 2. Mb yxe oKasau Teopemy 
qa cyuan, Korna M kommytatupuo. Ilycrh M — weKommyTaTuBHoe co6cT- 
BeHHoe nogteso Tena K. WpeznosoxKum, uto M cyOunpapnantua B XK". B cuny 
culecTBHA H3 sJiIemMbl 2, V (M) He cofepxutca B M. Ilyctba€V (M), a €M, 
u A — MHHMMAaJIbHOe NosTeno Tena K, cosepxamee M ua. Torgqa M apasetca 
CoOCTBeHHBIM MoxTeiom Tea A uv, No lemme 3, WeHTpasmM3aTop nogTena M BA 
KoMMyTaTHBeH. Ilo memme 2, M* ne aBsaaeTca CyOHHBapHaHTHOH Nosrpynnon 
Brpynne A*. Ho M", 6yaqyuu cy6uHBapHaHTHon B K*, JoumKHa ObITb CyOHHBa- 
pHaHTHOH B Kaxjow noxrpynne rpynnp K*, comepxameh M*. Sto mnpoTuBope- 
une JOKa3bIBaeT TeopeMy. 

Bpipaxkato rmy6oky1o0 OnarogapHoctb npod. A. T. Kypouty 3a pykoBozcTBo 
padorTon,. 


Mockopckuit rocyfapCcTBeHHbIi yHHBepCHTeT {Mocrynu10 
uM. M. B. Jlomonocosa 20 X 1960 


{HTHPOBAHHAS: JIATEPATYPA 


1M. Ul. Xysyp6as3ap, JAH, 131, Ne 6(1960). *#N. Jacobson, Am. 

Math. Soc. Coll. Publ., 37 (1956). *®E.Schenkman, Proc. Am. Math. Soc., 9, Ne 2 

(1958). eB. Schenkman, W. R. Scott, Proc. Am. Math. Soc., 11, Ne 3 (1960). 
B4. [som K ga Tp: Mock. mate. o6m., 6, 299 (1957). 
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YJornagn Akaywemun nayr CCCP 
1961. Tom 137, Nb 4 


MATEMATHKA 
HM. A. WIMUIMAPEB 


PABHOMEPHDBIE OLWEHKH MPOM3BOAHbIX PEWIEHHA 3ANAUH 
AMPHXJIE H 3AQNAUH HA COBCTBEHHbBIE ®YHKILWH 
AJIS| ONEPATOPA 
Lu = div(p(x) grad u)+ q(x)-u 
C PA3PbIBHbIMH KOI®O®HILHEHTAMH 


(II pedcmaeaeno axademuxom H. I. Iempoecxum 14 X 1960) 


B HactTosiei 3aMeTKe yCTAHOBJIeCHbI PaBHOMepHbI€ OMeCHKH MpOH3BOAHBIX 
m06oro MopsAyKa H UX KoSppuuHentos Terbdepa ‘pemmennh 3agqaun J,upuxse 
-¥M 3aa4uu Ha coOcTBeHHble (byHKUMM AA onepatopa Lu = div (p (x) grad u) + 
+ q(x)-u Cc pasppIBHEIMH KosddpHuveHTaMH. 

1. IlycTb 3afaHbl HeKOTOpas oTKpbitan N-mMepHas oOsacTb g C PpaHH4HbIM 
MHorooOpasHem I'2 u BHyTpH Hee (N — 1)-mepHaa reomeTpH4ueckH 3aMKHyTAaA 
‘mopepxHocTb Ii, pasOusaroulaa o6macTb g Ha nosoGacTu gi HU Be. 

PaccMoTp¥M B 3aMKHyToH oOmacTu (g + T2) caeqyiomyio 3agayy Jupuxue: 


Iiu = fi 8B oOOnactTu gi, 


Leu = fa B OONACTH ge, (1) 
Ou 
[uw] Ir, 7 ®, FE IQ) rey ns Ir. = X- 
Srecb 
Lyu = div (pz (x) grad u) + q; (x) -u (2) 


" onlepaTop 9JIIMNTHYeCKOrO THMa, 3aaHHbili B oOuacTu g; (1= 1, 2), p, > 0, 


a) 
cL OvV1 


ou 


xT ;—0 OVe xT +0) 


, cs P _ feu 
gi <0 B gy; [u] Ir, =u a — leoT,-to law 


ly 
0 
Me 5 O3HadaeT MpOuSBOLHYyI0 MO HalpaB/eHHIO KOHOpMaJM, paBHyto 
l 
0 
Pian (nj; — BHeELIHAA HOpMasb Aa OOnacTH gy), a sHauKH 11 —O un I1+0 
l 
O3Ha4aloT, YTO GepyTCA MpesesbHbIe 3HAYeCHHA COOTBETCTBEHHO C BHYTPeHHeH 
MC BHelllHeli cTOpoHbl! noBepxHocTH I: mo OTHOUIeHHIO K OO/lacTU 9g). 
Onpefeneunthe. Hazsopem Ku accuuecKHM pelueHHem 
3amaun (1) Taxyio dynKuuio w(x), KOTOpaA yOBJeTBOpAeT CJIEMYIOULHM 
TpeOopanHusam: 1) u(x) €C B KaxKnoii “3 3aMKHyTHIX oOnacte (g1 + 1) 
wu (ge +71 +12); 2) wu (x) €C™ g o6nacrax (g1 +11) w (ge +1); 3) u (x) €C 
-B OTKPBITbIX OONaCTAX gi H ge; 4) wu (xX) yMOB/eTBOpAeT BCEM YCJIOBHAM 3aauH 
(1) B o6blmMHOM KJIaccH4ecKOM CMBICJIe. 
/ Teopemal. I]ycmo epaxuunee mnoeoo6pasun Ti u V2 npunadrexcam 
kaaccy* A’, Koapmuyuenme: onepamopoe Li u Le u dynkyuu fi fe, ,p u 
’ aa ay 
 yOossemeopstom mpebosanuam: mec”, gec’™, AEC’ 6 samx- 
She: «ait 
~  * Kaaccer A) 9 Cl) onpenenenst B (1), crp. 10. 
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nymot obaacmu (gi +11); p2eC™, gec®™?» tec” =” @ samknymod 
obaacmu (g2 +11 +12); pec™™ u pec” na nosepxnocmu Tr; ,ec™ 
Ha noeepxHocmu T2 (n > 2). 

Toeda cywujecmeyem eduxcméenHoe KAaccudecKoe peuienue sadauu (1) — dyHk- 


uusd u(x); u(x) NPUHadAexcuM Kaaccy C”™ @ kascdoit us samKHymelx obaacmetl 
(gx +11) u (g2 + Pi +22) uw 6 amux o6aacmax cnpasedauea ouenka * 


yr) = o( F® +p ty de gol +n ape ele =e ns gp?) ae 


t=] 7=0 


ai s tet) 4. ps ER TRH (3) 


t=0 t=2 


Koxncmaxma, 6xodsuyan 6 ouenky O, saeucum om Koadabuuuenmoe onepamopoe 


li u Le u euda o6aacmet gi U ge. 


Jaa dyuxunit, npunagqiexamux kaaccy C”, uspectua onenka (cm. (4), _ 


ctp. 137) 
he (via 
ul) = O {fu wy" py] + yo}, (4) 


Onupancb Ha cbopmyuint (3) uw (4) uw omenky wu), nowyueHHyt B (7), JIerkKo ole- 
HuBaem 1"), 
3Sameuaunue l. Onenkxu w'>) 4 wu) paBHOMepHbI OTHOCHTeJIbHO one- 
patopos L; c paBHOMepHO OrpaHH4eHHbIMH 3HayeHHAMH BeHUHH 1/p;, pl»), 
qv), pi, gi) (f = 1, 2). 
3ameuauHne 2. Teopema | 6e3 Tpyya mepeHocutca Ha cyyal, Korga 
N 


; ) 
onepatop L umeet Bug L;u = div (p(x) grad u) + ~ by: (x) a yA k) Te 
7—1 J 
2. Jloka3aTebcTBO Teopembl | npoBoyuTcaA ceqyroulum oOpa30m. Mcnoub- 
3yA JlokasaHHyt0 B paGoTe (°) TeopeMy CYyILeCTBOBaHHA, NpelcTaBum peuleHuve 


3ajaun (1) B Bue CyMMbI Tpex *PyHKUHH uw = vi -+ ve +w. DyHKUAN v1 H V2. 


ABJIAIOTCA PeleHHAMH JBYX OObINHBIX sagau J[upuxse, B CHJIy “ero AA UX 
OW€HKH MOryT ObITb HCMO/Ib3OBaHbI H3BeCTHbIe pesybTaTH! Ilayyepa u Kauuo- 
mov (cm. (*)), aw(x) NpencTaBsAeT CoOoM pelleHuve cleqylouleH 3aaun c pa3- 
PbIBHBIMH KoOSpPPHUMeHTaMH: 


Iw =0 B o6nacTH £1, 


Aw=0O 8B o6mnacTH g2, (5) | 


=, wih = 0, 


[wl |, =0, Ea 


Ty 


N 
i 0 0 

Snecb A — onepatop Jlannaca, L = ye aa a 5) a 7 (KoapPpuILHeHT p2 (x) 
i \Pa OX; 


TipooJuKaeM Ha BCIO 3AMKHYTYIO o6nacre (g +-I2) c coxpaneHueM NpHHaqex- 
HocTu K Kuaccy C“”’*), yro Bo3MOxKHO B CHJIY H3BeCTHBIX pesysibTaTOB )KeBpe. 
CM aA) pel Dias he) 

O6osHauuM uepes F (x, y) PyHKunto [puna sayaun J[upuxsie Wa onepatopa 
Jlanmaca B 3aMKHyTo oGmacTu (g + 2). Onpexesum dyHKyHt0 F (x, y) © no- 


* Ecan z(x)—Hekotopan (dbyHKUHA, ompeyenenHax B OOnacTH T u MpHHaqexkanan 
B Heli Kacey C\™"), ro uepes z\") 6ygem o6o3HayaTb CyMMy MaKCHMYyMOB MOjyulel Bcex 
NpOHSBOAHBIX TlopsyKa k (kR<n), a uepes 2%) _ cymmy Kosddpunuentos Tempyzepa (BaaTeix 
IIs MOKASATeIA [) ITHX MPOUSBOMHEIX. 
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MOULbIO PdBeHCTBa 


| F(x, =F (x +) F (x, BOT FE, y) at (6) 
&i 
Byylem uckatb peilenne 3ayaun (5) B Be CyMMbI OObBeMHOFTO MoTeHMana 
NoTeHiHala mpoctoro cso 
w(x) =|) F (x, ew dy +\ F(x, 8) v (9) ds (7) 
&1 Ty 


C HeH3BeCTHBIMH dbyHkuMaMH + UV. Tlogcrapasas (7) B (5), mpHxo_uM K cueqyro- 
mleH CHCTeMe HHTerpaJIbHEIX ypaBHeHHit: 


» (x) — \ Ku (x, 9)» Y) dy —\ Kas (x, 8) v (8) ds =0, 
& wy 


v ()—| Kai (Ss, y) & (y) dy —|Kxls, Sy) V (S,)ds,=8(s). 
& 


1 Ty 


(8) 


Mopmyubi (7) H (8) WaloT BO3MOXKHOCTb OMeHHTh (pyHKILHIO w(x) C MOMOLLbIO 
M3BeCTHBIX TeOpeM TeOpHH roTeHwHaa (*). 

_ 3, PaccmoTpuMm sayayy Ha coOcTBeHHbIe PyHKUHUM Ia onepatopa Lu = 
= div (p (x) grad uw) + q (x)-uw c pasppiBHEIMH KosddunHeHTamu 


Iiu +Au=0 8B oGnacTu gi, 
Leu +Au =O B o6macTH ge, (9) 


[4] |, =9, Fal =0, ul, =9. 


Onupascb Ha Teopemy | u ycTaHoBseHHyt0 B (°) OWe€HKY COOCTBeHHBIX (byHK- 
WH sagaun (9), MpHxoqHM kK Culeqyrouleli Teopeme. 

Teopema 2. Ecau nosepxnocmuTi u T2 npuxadaexam Kaaccy A“, axo- 
abuyuerme: onepamopoe Li u Lz yooeaemeopsiom ycaoeuam: pie C™, gec”" > 
6 samKHymow obsacmu (gi +-T); p2Eec”™, qaeC” > 6 samknymot o6racmu 
(ge +11 +12), mo co6cmeenxwe myxkyuu sadauu (9) npuxkadaexam Kaaccy 


Cc” 6 Kadol us samKHymolx OOracmett (gi +11) u (g2 +11 +22) u dua 
HUX CnpasedAUuésbl pabHomepHole 6 3amKHymou obraacmu (g +12) oyenKu 


Ty 


N 
7+ 
ul) = O (af 


k 
ry 


1 uy S007 “a (10) 
(1 — nomep codcmeennoti dynkuuu). 
3ameuauHue 3. Teopemp | u 2 cnpaBesMBbl HM B TOM CJlyuae, Kora 
BHYTpH moBepxHoctTu I’, mexaT m moBepxHocTeH paspbiIBa KOSdPHILMeHTOB. 
Tlomp3ytocb culy4aem BEIPasuTb OnarofxapHocTs B. A. Umbuny 3a BHuMaHHe 
K paOoTe M yuacTHHKam cemuHapa, pyKoBoqumoro A. H. Tuxonospim, 3a moves- 
Hoe oOcyxKeHHe pe3yJIbTATOB. 


Mockosckul YrocyapcTBeHHbIli yHHBepCuTeT Tlocrynuio 
um. M. B. Jlomonocopa 13 X 1960 


WMTHPOBAHHAA JIMTEPATYPA 


Hj, a, YpaBHeHHsa C YaCTHBIMH MpOW3BOAHBIMH 3SJIuNTHYeCKoro Tuna, HVJ], 
Iiummapes, JIAH, 131, Ne 2(1960). *B. A. Habun, HA 
A 


1K. Mupa 
A. 5 
H, 135, Ne 4(1960). 4H. H. Twutep, Teopus norenunana, 1953, 


1957. 2 HA. 
I] ummapes, 


~ 


Jloxxagn Akayemun nayr CCCP 
1961. Tom 137, Ne 1 


THI PABJIHKA 


HW. A. UAPHBIA, | ql. C. BUJIBKEP |, Bb. WH. MHTEJIBMAH uf. 7. POSEHBEPY- 


O ABYX®A3HbIX CBEPXSBYKOBbIX TOTOKAX 
(IT pedcmasaeno akxademukom IT. ft. Kouuxoti 10 VI 1960) 


Kak M3BeCTHO, TeMMepaTypa CTeHKH, OOTeKaeMOH CBePpX3BYKOBbIM MOTOKOM 
raza, mpH Pr~1 mao oTiMuaetcaA OT TeMMepaTypbl TOPMOXKeHHA MOTOKA. 

MoxKHO, OLHAKO, NpeANOMOXKUTb, YTO IPH BBeeEHHH B CBeEPpX3ByKOBOH Ta3o- 
BbId MOTOK %KHKOCTH C TeMMepaTypoH 3aMep3aHHA 3HaYHTeIbHO OovibueH, 
yemM TeMMepatypa rasa, OOpasyeTcaA AByx@a3HbiIH MOTOK, COCTOALIHH H3 raza 
M ¥aCTHL 3aMepsuieH *KUKOCTH. Temnepatypa CTeHKH, OMbIBaeMOM TaKHM M0- 
TOKOM, MOKeT ObITb CYULeCTBEHHO HH2Ke TeMMepaTypbl TOPMoxKeHHA 1ra3a. 

Ja npopepku sTOrO Npenoso*KeHuA B Na6OpaTOpHA ruzpomexaHuKku Moc- 
KOBCKOrO rocyapcTBeHHOrO yHHBepcuteta uM. M. B. JlomoHocosa Obi mpo- 
BeeH 9KCnepHMeHT. Ha cpese cona JlaBaia B CBeEpX3BYKOBOH MOTOK BOsyxa 
(M =1,2 u M=83,0) BBogunacb Boga. Temnepatypa TopMoxwKeHHA Boshyxa 
HM Temnepatypa Bob! GbliH paBHb! 15°. BecoBbie pacxofbl BO3Lyxa HM Bob! Obl 
PpaBHbI CooTBeTCTBeHHO 0,12 u 0,02 xr/cex. Uepes 8—12 cek. nocule Ha4uana HC- 
TeYCHHA CTAJIbHOH CTepxKeHb, YCTAHOBJICHHbIM B MOTOKe, MOKPbIBaJICA KOPKOH 
Jiba, NpO4HO CBA3aHHOH Co CTep2KHeM. CkopocTb o6pa30BaHHAl Jie AHOH KOPKH, 
ee TOJIMHHA H MpO4HOCTb CLIEMJICHHA C NOBeEPpXHOCTbIO CTepxKHA TeM OovIblle, 
4YeM BbILLe CKOPOCTb NoTOKa. 

OnncaHHoe ABJIeHHe, MO-BHMMOMY, MOxKeT ObITb HCNOb30BaHO B TeXHHKe 
WIA NOJYYEHHA XOIOLa Ha BbICOKOHANOPHbIX Pa3OBbIX CKBA%KHHAX H MAPHCTpalb- 
HbIX Pa30MpoOBOMax, a TaK*Ke AVIA OXaKIeCHHA OMbIBAeMBIX MOTOKOM 1ra3a MO-— 
BepXHocTeH. 

KouuuecTBeHHad TeOpHA ABIeHHA OyyeT Jawa B ApyroH paodote. 


MockoscKHit HHCTHTyT HesbTeXHMHYeCKON Tlocrynno 
H fa30BOH MpOMbILIJIeHHOCTH 9 VI 1960 
um. HM. M. [y6xuna 
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Toxrsane Akawemun nayx CCCP 
1961. Tom 137, Ne | 


ACT POHOMH #1 


10. H. MAPHHCKHH 
OCOBEHHOCTH PAXHOHW3JIYYEHHSA NGC 4486 
(II pedcmaeaexo akademuxom B. A. AmObapyymanom 28 1X 1960) 


B gekaOpe 1959 r. Ha OoubuIOM NyKOBCKOM pajMoTedecKone NpoBOAMIMc 
HaOJOACHHA paluousiyyeHua Jlesni-A (NGC 4486; M 87) Ha Bowne 9,4 cm. Stu 
HaOJIOJCHUA MOKa3aIH, 4YTO YIVIOBLIe pa3sMepbl PawHoucTOUHHKa Ha BOWHE 
9,4 CM, MO-BHXMMoMy, CylIleCTBeHHO MeHbille pasMepoB, onpeqeteHHbIxX Muui- 
20M Ha BowIHe A3,5 M ('). na Mo TBep»eHHA STOO apekta B cdespauie 1960 r: 
Ha0O,eHHA Tlest- A 6p11u BosoOHOBJeHbI. Mcnomb30Baica Gomee 4YBCTBUTEIb- 
HbIi paWOmMeTp ipsAMoro ycHJieHHsA Ha BosIHe A 8,7 cm Ha Tpex JIBB. Perucrpa- 


MU CHPHasia NpOH3BOMacb C MOCTOAHHOM BpeMeHH 6°, mpH KOTOpol 4yBCTB- 
TeMbHOCTh pajluoMeTpa Opluia He Xy- 
we 0°,15 K. O6pasey 3anucu mpn- 
BeyeH Ha puc. l. 

_ OcpeaqtvenHaa 10 HeECKOJIbKHM Ha- 
OIOCHUAM 3aMHCb MOKa3a/la, 4TO B 
mpesemax oumMOoK H3MepeHHit MoJly- 
WMpHHa 3anvcu paBHa MoJyWIApHHe 
TeopeTH4ecKOH AMarpaMMbl Halipas- 
Jl@HHOCTH AHTeHHbI. Orcioya MoxKHO 
ObIIO 3aKJIOUNTL, 4TO yIVIOBble pa3- 
MepbI HCTOUHHKA paHou3JlyyeHHsA 10 
HpAMOMY BOCXO*KJeHHIO He IIpeBbl- 
miaroT 1’, B TO BpeMA Kak M10 HHTep- 
tbepomeTpHyeckHM HaOIOeHHAM Ha 
MeTPOBBIX BOJIHAX pa3Mep HCTOUHH- 
Ka B 9TOM HallpaBsieHHu paBeH 6’. K 
CovKaJleHHIO, H3MepeHHA yr JIOBbIX 
pa3smepos Jlesni-A, mpoBeeHHbie B Puc. 4 

1951— 1952 rr. Muaacom, eqHucrT- 

BeHHbIe JO CHX Hop. 

OTH U3MepeHHA MpOBOAHIHCh Ha JBYX9/IEMeHTHOM HHTepdepometpe Cc mie- 
PeMeHHOH Oa30H, MpHYeM PerHCTPHPOBAaJIHCh TOJbKO AMMJIMTYAbI CMeKTpa pac- 
HpeqeweHua paluoapkoctu. Ilostomy untTepmpeTaima 3anucelH CYyUleCTBeEHHO 
3aBUCe/la OT TIpHHUMaeMOH Mose payMouctounHKa. B 1955 r. CMut oOnapyxKH 
HpOTHKeHHYIO KOPOHY, OKpyxXaloulyio WeHTpaJbHbIi pasMoucTouHHK. Ilo 
2oo6meHu1o Musica Ha CHMNO3HyMe M0 payHoacTpoHoMul B IlapwxkeB 1958 r., 
9Ta KOPpOHa UMeeT ACHMMeTPHUHyIO *OpMy, OHA CHJIbHO BbITAHYTa K 3amayy 
8 HampaBueHun BbIOpoca, HaGwuOMaronlerocA B OMNTHYeCKOH OOacTH cHeKTpa; 
IMHEHHbIe pasMepbl KOPOHb! OKOVIO 100 Kiic, MOTOK paHOU3JIyYeHUA COCTABJIAeT 
20% oT MoTOKa paqMou3ly4eHuA HCTOUHNKA B IeioM. Mcnomb3syx 3TH WaHHbIe 
2 Kopone NGC 4486, pI NOCTPOw1H OxKUJ,aeMbIi CeKTp pacipeeleHHA paqMosp- 
KOCTH, CUHTAA, 4TO LeHTPasbHbIi HCTOUHHK TOUcUHDI. CpaBHeHue oxkHaemoro 
smekTpa Cc HaOsogqeHHaAMH Muuvica moKa3a/l0, YTO Ha Me€TPOBbIX BOJIHaX yrVJO- 
3bl€ Pa3MePbI WeHTPa/IbHOFO PaHOMCTOUHHKa He MeHee 5’, IipH4eM NOTOK pa- 
MOMs IyYeHHA OT ILCHTPaJIbHOH KOHJEHCalHH SHAYMTeJbHO OobIe MOTOKa OT 
<OpoHbl. Takum o6pasom, MbIl IIPHXOMHM K 3aKJIOYeCHHIO, YTO pacnipesemeHHe 
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pauospkocrw mo paguouctounHky Jespi-A BecbMa CyuleCTBeHHO 3aBUCUT OT 
JWIMHbI BOJIbI. YIOBbIe pasMepbl WeHTPaJIbHOrO HCTOUHHKA Ha CAHTHMETPOBbIX 
BOJIHaX 10 Kpalineli Mepe B 5 pa3 MeHbIJe, 4eEM Ha MeTpOBbIX BOJIHAaX. Ilo pesyub- 
TaTaM HHTepdbepoMeTpHuecKHX HaOwoqeHHH B Hancu (Mpanwns), m06e3HO co- 
OOW.CHHBIM aBTOpy XHAMaHOM, yrvioBble pasmMepp! JieBbl-A Ha BowHe A21 cm 


He mpeBpiuaroT 15. 

Takaad CHJIbHad 3ABHCHMOCTb pa3MePpOB OT YaCTOTbI He HaOOAaach paHee 
HU [IH KaKOFO pajHOHCTOUHHKa, MOITOMY KpaliHe %KeaTebHO MOBTOPUTb H3- 
MepeHHA Ha MeTPOBBbIX BOJIHAX. 

@MyHaMeHTaJIbHBIM ABJIACTCH BONpPOC O TOM, CBA3aHO JIM payMou3yyeHue 
C IL€HTPOM TaJlaKTHKH HIM Cc BEIOpocom. Jia ero pelieHHA MpoBeeHbI TOUHBIE 
U3MepeHHA KOOPAHHAT WeHTpa TAKeCTH palHon3syyueHHaA Ha A 8,7 cm *. JLns 
UCKJHO“CHHA BOSMOXKHBIX OWIHOOK ITH H3MepeHHA MpOBOLHJIMCb pH HenOLBAXxK- 
HOH AHTeHHEe, MpH4eM MOC JeLOBAaTebHO OMPeeJAJIMCb MOMECHTHI TIpoxoxwKeHHa 
yepe3 MarpaMMy aHTeHHbI paMoucTouHuka Hu JIyHbI B TOT JeHb, KOra CKJIOHe- 
uve JlyHbI Oblio paBHO CKJIOHeHHIO paguouctounnka. IIpeqBapuTerbHbIe HabwO- 
JeHHA pacipeleleHuaA paqwosapKocTu mo Wucky JlyHpl Ha BosHe A 8,7 cm MoKa- 
3aJ1M, YTO Ha STO BOJIHE ACHMMETPHA, CBA3AHHAA C (PasOBbIM WHKJIOM JIyHbI, He- 
cyulecTBeHHa. TakHM oOpa3om OblJ1a onpesevieHa pa3HOCTb MpPAMBIX BOCXO*K]e- 
HHH WeHTpa ucKa JlyHbl H paqHoucTOuHHKa. 


h 
KoopHHaTbl PaMOHCTOUHHKA OKA3aJIHCb PAaBHbIMH: @y950,0 = 12°28™ 15° + 


+ 1°, T. €. paqvonusiyyenHe ucxo_uT H3 OOsacTH, oTcToseH Ha 45” + 15” 
K 3anally OT LeHTpa cchepouaJIbHOH PalakTHKH B CTOpoHy BbIOpoca. JlambHelimee 
yTOUHeHHe KOOpAMHAT, WwiaHHpyemoe B [aBHOoH acTpoHomMMyecKOH o6cepBaTo- 
pau AH CCCP, mo3BoJIMT BbIACHUTb, PaCNOJIO%KeH JIM palMOUCTOUHHK B BbIGpoce 
WIM CMe@lleH elle aslee OT IeHTpa TalakTHKH K 3amayqy. Ec nowoxKuTb, ITO 
CaHTHMeTPOBOe PaHOH3JyYeHHe HCXOLUT H3 BbIOpoca, TO OHO AOJMKHO ObITb MO- 
JIAPH30BaHO, TaK KaK CpeHAA MOJAPH3aUHA HeMpepbIBHOrO H3JIy4eHHA B BBI- 
6poce B ONTHYECKOM AHaMa3zoHe BOJIH He MeHee 10% . OnHaKo HaOmOleHHA Ha BOw- 
He A 10 cM NoKa3aJIH, YTO NOMAPH3alluA He MpeBbiuaeT 3% (7). OTcyTcTBHe 3a- 
MeTHOH MOJIAPH3alHH B pavoqManas0He MOXKHO HHTepMpeTHpoBaTb Kak Jle- 
nouApusyroulee JlelictBue addbekta Dapayex. Ouenky HallpaAxKeHHOCTH MAarHuT- 
HOPO MOJIA MOXAKHO MpOBeCTH M3 SHEpreTHYeCKUX COOOpaxKeHUl; OHA OKAsbIBAeTCA 
okoo 10-* rayce. Ilostomy JocTaTOuHO 3uIeKTPOHHOM MJIOTHOCTH B BbIGpoce 
10-7 cm-* Jit 3aMbITHA NOMApH3ayHH Ha paccTtosHuH 100 nc (pa3smep BEIGpoca 
mo Jly4y 3peHHs). OTO aeT MHHHMaJIbHOe 3HaYeHHE MaCCbI HOHH3SHPOBaHHOrO 
rasa B BbIOpoce M > 10*Me. 


[aBHaA aCTpOHOMHYeCKanH OOcepBaTOpHA Tocrynuso 
Axazemuw Hayk CCCP 18 IX 1960 


WHMTHPOBAHHAA JIHMTEPATYPA 


1 B..Y. Mills, Nature; 1705 1063(1952)) 2G Maven, sik. oM. Sul osanmece 
ker, Astr. J., 64, Ne 1273, 340 (1959). 


* HsmepeHi A KOOpAHHaT Mpon3BOAHJHCb CoBMecTHo c O. H. Inppucom un B. TMpaconosoi. 
30 di ; 


Jlokxayn AKkawemuun nayrk CCCP 
1961. Tom 137, Ne 4 


PHSHKA 


b. T. BABHJIOB 


K BOMPOCY OB YIJIOBOM PACTIIPEAEJIEHHH 
B MHODKECTBEHHbIX MPOLLECCAX 


(II pedcmaeaeno akademuxom B. A. Jleonmoeuvem 12 X 1960) 


jis aHaiu3a yrsioBporo pacnpeseJieHHA Me3OHOB, BOSHHKAIOULHX NpH CTOVIK- 
HOBeHHH J[BYX HYKJIOHOB C O4eHb BbICOKOM 9HeEprel, MbI IIPHMCHACM pa3BUTbIit 
B (*) MeTOM NOCTpOeHHA CHCTeMbI 3aIleMIAIOULMXCA ypaBHeHHl Jia MaTpHUBI 


yom onncprBaroueii nepexo, H3 HadaJIbHOrO CocTOAHUSA ink) c i 6o30HaMH, 
n depMHOHaMH H Rk anTHepMHOHAaMH B KOHeUHOe CocTOAHHe jm). 

ByeM HCXOJHTb H3 CKaJIApHOrO Me3OH-HYKJIOHHOrO B3avMoselcTBuA. Pac- 
2MOTPHM MOJeJIb, B KOTOPOH aHTH*epMHOHI KaK B KOHEYHDIX, TAK H B BUPTYyaJb- 
HbIX COCTOAHHAX OTCYTCTBYIOT, T. €. MC3OHbI B3AHMOJeHCTBYIOT MexKy codon 
TOJIbKO BCJIENCTBHe pacceAHHA Ha peaJIbHOM HykKJOHe, AHasIH3 TakOH Moje 
MOKeT OLITh NOWeseH WA BbIACHeHHA, ABJIAeTCA JIM OTKJIOHEHHE yrJIOBOro pac- 
TpeleseHHA OT H3O0TPOMHOrO CJleCTBHEM TOJIbKO Me€30H-Me30HHOLPO B3anMosel - 
°TBUA HJIH OHO CYyllecTByeT HM NpH NpeHeOpexKeHHH MOCJeELHHM. Sanne cucTe- 


» on, 22, 00 
“Wy 3allenatoulMxca ypaBHenuii faa matpHupt V"" rpacduyecku B BHIe 


Je NMpAMOYFOMBHHK C M BXOAALIMMM HM 7 BbIXOAALLMMH HYKJIOHHbIMA KOHILaMH 
fl BbIXOAAULHMH Me3OHHBIMH KOHILAMH eCTb Ppadwyeckoe mpescTaBsieHHe 
nepatopa V°" "°°. Cyucrema (1) — (2) BKouaeT B ceOa GecKOHedHOe YHCAO 
papHenult. Ee Tounoe pelienwe He COOTBeTCTByeT HHKaKOMY KOHe4HOMY IIpH- 
JIM*KeEHHIO MO TEOPHH BOSMYLIeHHH HM MO CyleCTBY 9KBHBaJIeHTHO CYMMHpoBa- 
HIO GeCKOHEYHOFO YHC/a HeNPHBOAMMBIX «/IeCTHHYHBIXY MarpaMM, YHCJIO BHYT- 
\@HHHX Me3OHHBIX JIMHHi B KOTOPbIX MeHsHeTCA B Mpefemtax oT I Ro SecKoneu- 
iOcTH. 
B janpueltuiem Oyzem mpeqnonarath n> 1, 4TO, OYeBHAHO, COOTBETCTBYeT 
Wy4aio OYeHb BbICOKUX SHEpruit. Kpome Toro, Kak UB (*), MbI OyeM UCMOWIb- 
2BaTb C-4ucsieHHbIe (bepMHOHHHIe CYHKUHM pacnpocTpaHeHuA (npHOsmMxKeHHE 


4* ot 


Baoxa — Hopacuka) (?) * 
S (p) = i (Qny* (ap — my", (3 
rae p — 4-HMmysbe, m — Macca HyKJIOHa, a — 4-BeKTOp, yAoBsieTBOp AlOULMl 


ycnoBuio a? = |. 
Pemenue (1)—(2) umem B Buse 


yor OTS ol = (as a (py) U (ps) U (qr) U( aI @ (Ra) Qu * 


So uMo 


x exp \ié (p Herm dire Bar s A , (4) 
a=1 | 


yo 11, 00 [s, Gol = =! \ dté > e u (q) II p (es) Ba exp {it (p a pe ha). (5 


Oy yumi Z=] 
[Ipeanouaraem, ¥TO HMeeT MeCTO CHMMeTpHA Brleped — Hasan, 4, Cul€OBa 


TeJIbHO, ‘ee n> 1B cucTeme weHTpa macc (I[-cucTeme) s Kn = 0, eke 


a=] 
uMITyibc a-ro Mesoua. Tora B I]-cucreme Q, aBAeTCA yHKUMeH HayaJbHO 
39Hepruu oeuae? E, xoappunveuta Heympyrocth Y HW HMMyJIbCOB Me30HO 
k; (i = 1,2,..., n). Moyerapasaa (4) u (5) B (1) (2), Nonyyaem AA Qn 
Ba ypaBuenus 
PYby, key.‘ Ra) {Q, (E, y; Ri, ..., Rn) — (2x)* 4 [S° (p1 + Rn) -+ S*(po + Rn)I 

x rag (E; 4G ki, Saab. 6 » Rn—1) — (2n)* 2? Qn (E; Y; Ri, rp Rn) x 
» | dteP (pr, pa) [S* (pr — k) D* (by S* (ps He = 


have 


(q1, q2) P (pr, p2) P (Ri, ..., Rn) > 
ee yin — pz) Basa (qi, pi, Ri,..., Rn, gz — p2)|, (6 
Ba (q, ps kis ©. - Rn) = (2m)* =P (1, . . 4 Rah X 
[S31 p eal Ona 9s Pi knee ae eee (7 
rye P (ki,..., Rn) —onepaTop CyMMHpoBaHHA MO BCeBO3MOXKHbIM 7M! Tepecta 
HOBKaM HMHeKcoB (1,2,..., 2); Ep, = E (l—y), mere — ve, ae 


CMHMYHbIM BEKTOP,ONpeseAIONLHH OPHeHTallHto pi**.B cnwly yeioBus >, k,=@ 
a=] 
oveBHqHO, Ey, = Ep,, Pe = — Pi- 
Copmecttoe pemenne 6) uw (7) MpHBOANT K cCJiIeqyIOULeMy pe3yJIbTaTy: 


Qn = fn (gs E, 1) P(pr, ps) 
eral! 


Bra Ne I loeb) —a] 


t=0. tl 


* CucTema e(HHHIL BbIOHpaeTca Tak, uTO h = c= 1. 

** Syecb MpesmosaraercsA, uTO 9HeprHA HYKJIOHOB B KOHCYHOM COCTOAHHH OCTaeTCA yJbTpa 

PeJATHBHCTCKOH, Tak YTO MaCCaMH MOKOA MO CpaBHeHHIO C KHHETHYCCKOH SHEPrHelt MOXHO Mp 
He6peub, 


By} 


, eager a Ry n! 
Tile ei) onepaTop CYMMHpoBaHHs HO BCeM Gee Tat pa30ueHHam 
COBOKyNHOCTH (ki... Rn) Ha (ki... R;) WM (Ri44. . . Rn) © OMHOBPeMeHHOM CHM- 


MeTpH3allWeH BHYTPH MoceqHUX, a f,(g; E, y) yoBuerBopseT ypaBHeHHio 


{1 — fiat \ 18 ath P (py, pz) [a(p1—k) — mI * (k? —p2) * fa (pz +k) — my" x 
x fn (g; E, ¥) = fra (gs E, y) = mnie (91, 92) P (pr,\p2) X 
x [D* (pi ~ 41) —D* (pa — @)]. (9) 


IlockoubKy uMnywbcEt kz B (9) He burypupyior, yraopoe pacnpeesenue 
M€3OHOB MOJIHOCTbIO ONMCbIBAeTCA CYMMOM MpOH3BeLeHHH, BXOAAMLeH B dopmMyy 
(8). Jlerko Bugetb, uTo (8) He OOnaqaeT ccbepHyecKoii CuMMeTpuell, T.'e€. yrvo- 
poe pacipeflesieHne HeH30TpomHo. 

_ O6o3Ha¥aA BepOATHOCTh pa3JleTa Me30HOB CHMMeTPHYHO Bilepel — Hasal 
W, (0; ), a BeposTHOCTh pacmpeseteHHA HMIMYAbCOB Me3OHOB B IMJIOCKOCTH, 
NepneHAMKYyAPHOH K pi H Mpoxo_sAmeh yepes wenTp Macc, W,, (m/2), nomyyaem 


| 
. 22 ayi/2 \1 k_ | 
ee eee st ey _ 
v0.2) 4 | i yee: ri oe 
ee ME >} O, | 
= a=1 =! 


Bie a, = 1'— y. 

Takum oOpasom, axe 6e3 yueTa 1 — m-B3aHMOJeliCTBHA TEOPHA MpPUBOANT 
K OTJHYHOMY OT H3OTPONHOrO yrvioBomy pacnpeseeHuio B I]-cucTeme c MaKCH- 
MYMaMH, COOTBETCTBYIONIMMH pa3JieTy CHMMeTPHYHO Briepey WH Hasay. Pacmpere- 
fee CTAHOBUTCA ONH3KHM K H3OTPOMHOMY TOKO j\JIt OYCHb Me[ICHHDIX Me- 
30HoB, Korga |k,| — 0. 

ConoctTaBJIAnt MpHBeeHHble BbIWe paccyxKeHHA C TeopHeli «CTPAXHBaHHA» 
(°), IpHXofMM K BBIBOLY, 4TO H30TpONnNA, MoOyyeHHas B (*), BHAMMO, ABJIAeTCH 
CeqCTBHeM pe NONOKeHHA, YTO Mey MpoleccaMH B3aHMOselicTBUA HeT 
CyulecTBeHHOH HHTepdepeniuH Mu oTCyTCTByeT ac:ppeKT OTAAWH H3yYeHHA Ha 
MCTOUHUK. BBeweHwe B paCCMOTpeHHe aHTHHYKJIOHOB CHJIbHO 3aTpyHsAeT pe- 


uleHHe NOHO CucTeMbI ypaBHennii ia MarpuirV°" °°, Onnn us Apyrux cno- 
‘CoOoB yyueTa 1 — 2-B3aMMOseliCTBHA COCTOHT BO BBeCHHH BaMHJIbTOHHaH B3aH- 
MojlelicTBusa uieHa Ap’. IIpeqpaputerbubie rpyOple OlWe€HKH MOKa3aqu, 4TO pK 
yueTe 9TOFO WieHa yruloBoe pacnipeseeHHe HECKOJbKO M3MCHUTCA, XOTA M OCTA- 
HeTCA AHH30TPOMHLIM. | 
_ Bpetpaxkato OnarogapHoctp B. HM. Tpuroppesy 3a mose3sHbie AMCKYCCHH. 


MockoscKHi rocyflapCTBeHHbIi yHHBepCHTeT Hocrynu.io 
uM. M. B. Jlomonocosa 10 X 1960 


a 
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Jlokxanm Akagemun nwayrk CCCP 
1961. Tom 137, Ne 1 


PH3SHKA 
A. A. BOPOBbEB, akayemnk AH YCCP A. Tl. KOMAP nu B. A. KOPOJIEB 


O BO3MO)KHOCTH YMEHbLUEHHS BEJIMUWHbI 
®JIYKTYALMMA HOHH3ALHMH B PA3AX 


Kak H3BeCTHO, BeJIHUHHA *PYKTYALMH HOHH3ALHH, NpOH3BO,MMOH HOHH3H- 
PYIOWLMMH YACTHILAMH, ONpeleAeT peles paspeiaiouleH CHOCOOHOCTH B HOHH- 
3aIl[HOHHbIX MeTOaX W3MepeHHA AepHbIX yacTHY. B TeoperHyecKoH paboTe 
@Mano (') nowyyeHO cyIeLyroulee BbIPaxKeHHe JIA CpelHeKBalpaTH4HON puyK- 
TyauHH Oy 4uuca nap woHOoB N mpu uKcHpoBaHHOl 9HEprHH HOHH3YtOILHX 
yacTHI, OOpasyroulHx B cpelHem No lap HOHOB: 


2  (N—N,? F 
dy 3 = N ma No : (1) 


2 
0 


AnaslMTHYeCKOe BbIpakeHHe Jia Kospdpuunenta F OyyeT NpHBeqeHoO HHKe. 
Ilo omeHke Mano, AA cyyad MOHH3aIHH B ra3ax F = 0,3 ~ 0,5. IIpopegen- 
Hble HAMM HefaBHO H3MepeHHA BeJIMYHHHI *JIyKTyalWH MOHH3alHH B aproHe 
nokasau, uto F = 0,22. Sto o3HauaeT, 4TO, HANpHMep, MpesesbHoe 3HayeHHe 
MOJIYWIMPHHbI a-JIMHHH B HOHH3aILHOHHOM a-CneKTpomeTpe cocTaBuseT 14 K9B 
mpu sHeprun Eg = 6,0 Mos. 

AnaM3upya pe3ybTaTbl pacueToB @PaHoO, MOXKHO MOKa3aTb, 4TO BeJIHYHHA 
(byKTYaWHi HOHH3aIlHH B OCHOBHOM OMpeseiseTcH NepepacnpeyeseHvem 4ncia 
MOHH30BaHHbIX H BO3OY2KeCHHbIX ATOMOB. OOtllee 2%Ke HX KOJIMYeCTBO, MO-BHH- 
MOMY, (IYKTYHpyeT 3HAYHTEJIbHO MeHbIe. ITO IpHBOAUT K flee O HEOOXOLHMO- 
CTH pervcTpall\HH B HOHH3al\HOHHOM CIeKTpoMeTpe HMe€HHO CYMMbl HOHH30BaH- 
HbIX H BOSOyKCHHbIX ATOMOB, YTO MOXKET ObITh OCYULECTBJICEHO, HalpuMep, cule- 
wyroulum O6pa3om. M3pBectHo, 4TO B aTOMax OJIarOpOHbIX Tra30B HHKHHU ypo- 
BeHb BO3OYKIeCHHA ABJIA€TCA MeTACTaOHJIbHbIM HM YTO TPH CTOJIKHOBCHHH TaKHX 
BO3OYKJICHHBIX ATOMOB C MOJI€KYJIa4MH TIpHMeCH, MOTeHWHaJl HOHH3allHH KOTO- 
PpbIX Me@Hbile 9HEPrHH MeTaCTaOHJIbHOrO COCTOAHHA, MPOHCXOAMT HOHM3aHA 
3THX MOJeKYJ (AONOJHUTeIbHaA MOHH3aHA) (7). OueBHHO, YTO eCIH BeposT- 
HOCTb JONOJHUTeIbHOM HOHH3aIlHH BeIHKa, TO BeJIM4HHa CYMMapHOH HOHH3A- 
WHH, perucTpHpyemol B cmekTpomeTpe, OyeT paBHa CyMMe TlepBHYHO HOHH30- 
BaHHbIX H BO3O0y2KCHHbIX ATOMOB. 

BenuunuHa hbayKkTyanuuh CyYMMaAPHOH HOHH3Z ALU HU. 
[Ip BHIMHCIeHHM BEM C:JIyKTyalul CyMMapHOH MOHH3aIlHH MbI BOCTIOWJIb- 
3YeMCA MeTOJOM, pa3BuTHIM Maxo ('). [loHocTbIO MOBTOpAA paccyxKeHuA Dano, 
MOXKHO MOJIYYHTh Ce yroulee BbIPaKeHHe JIA OTHOCHTeEJIbHOM CpeqHeKBapaTHu4y- 
HoH PryKTyaynu 6, cyMMapHo HOHH3auHH J: 


3 = ft =a) (2) 


Pe tl, — 4HCJIO Map HOHOB, oOpa30BaHHbIXx B k-M CTOJIKHOBCHHH, CONPOBOmKde- 


MOM TloTepeH MOHH3ylolleH yvacTulelt 3HeprHH E,; J —cpeHAA BeJIM4MHAa CyM- 
MapHOH MOHH3anuu (~ uncy map HoHoB); W = E,/J —cpefnaa sHeprua 
o6pasoBaHHA OHO Mapbl MoHOB; N — cpequee uvc0 Heympyrux cTomKHOBe- 
04 


t.] 


_ 
f 


HHH. (Sfecb H B JlaibHeEHWIeM NOX HeyMpyriMu CTOAKHOBeHHAMH Mbl MOHHMaeM 
CTONKHOBCHHA, MpHBOLAWIMe K NoTepe 9HEPprHH HOHHSylomleH uacTuIeH. Croqa 
OTHOCATCA CTOJIKHOBCHHA C ATOMAMH Cpebl KaK CaMOM YaCTHIbI, Tak H 6-3V1eK- 
TPOHOB, HO He OTHOCATCA CTOJIKHOBCHHA MOJIEKY.I C BO3OyXeHHbIMH ATOMAMH.) 


Bpefem culeqyrouve oOosHayenusa: P), — JoId HeyMpyrux cToKHOBeHUH, 
NpHBOAAWHX K BO3sOyxKeHMIO c MoTepeii sHeprun EL}; P}, — doa Heynpyrux 
CTOJKHOBeHH, MIpHBOAAMIMX K BO36y2KJeHHIO c NoTepeli sHeprun Ez; o — 
BEPOATHOCTh CHATHA BOSOyKMeHHA C OOpas0BaHHeM JONMOMHHTeIbHOH HOHH- 


3anuu; P = >) Pi, — noanas BePOATHOCTh HOHH3alHH pH HeynmpyromM cTOJIK- 
HOBeHHH; W; = >) PE. / P — cpeauaa MoTepA 3HeEprHH MO BCeM CTOJIKHOBe- 


HUAM, TIpHBOLAUIMM K HoHUsanHH; W, = >) PRER/ (1 — P)—cpeaquaa notepa 
SHeprHH MO BCeM CTOJKHOBEHHAM, IIPHBOAANIHM K BO3Oy2KeHHIO. 
. Ucnompsys BpeseHHble BeJIMYHHBI, JerKO MOJTyaHTb CuleyoulHe paBeHCTBA: 


W.=Wi+We >": (3) 
el ee WA (4) 
5 {tos Pp 

N =N,/ J=N,/ A. (5) 


tae Ne uw Wo — cpejuee 4HCIO Nap HOHOB H CpeqHAA 9HEPrHA OOpasoBaHHA 
Mapbl HOHOB B OTCYTCTBHE JOMOJHHTeJIbHOH HOHH3ALLHH. 
Tlogctapaasa (5) B (2), momayuaem: 


{ A? ee . 
81 = HB (ne 7) = We a) 


Ilpu BerucmeHnu F Bc* Heynpyrve CTOJIKHOBeHHA MO2%KHO pasOHTb Ha TPH 
‘Tpynni. 
| A. CromkHoBeHus, NpHB AAulve K HOHH3alHH. Croa BXOMUT Kak NepBHuHaA 
MOHH3allMA, TAK H HOHW3aNA 6-3IeKTPOHAMH, MIpH¥eM CYHTaeTCA, 4YTO OTHO- 
WleHHe CeyeHHM pasJIHYHbIX HeyMpyrHXx CTOJIKHOBeHHM He 3aBHCHT OT MpHpogpl 
M 9HeEprHH HOHH3yrolleH YaCTHILBI. 
5. CromkHopeHvs, 0pHBoAulMe K BO3OyxKJeHHIO aTOMOB C MOCcJeLyIOuLuM 
CHATHEM STOTO BO3OyKTeHHA C OOpasoBaHHeM JOMOJHUTebHOK HOHH3aI\HH. 
B. CromkKHoBeHHA, IPHBOAALLMe K BOSOyXKJeCHHIO ATOMOB H HE COMpOBoxKae- 
MbIe€ JONOJIHHTeIbHOH HOHH3alHen. 
- OvepHHO, 4TO 2A cTomKHOBeHHH Tuna Au Bb np = 1, Tora Kak B cay- 
sae Bo n,=0. Umes sto B Busy HM HCrob3yx (6), Nomydaem: 


. 


Bip a(S + yet BY pea]. 


HOH BO36 - BO3860 


Te CYMMHpoBaHHe pacipocTpaHsxeTcA Ha BCe CTOJIKHOBeHHA, NpHBOAAHe K 
HOHU3AILHM (MepBad CyMMa) H K Bo3Oy2KeHHIO (BTOPpasd H TpeTbA CyMMBI). BBo- 
aa B (7) W; u W, wu ucnonp3ya (4), OKOHYATeIbHO Mosyyaem 


saa |) Pa (Wi — En) + Dy PROWe— BR], (8a) 


wy HOH BO30 


® (0) = —|(w —W)*+0- 


F = O(o6) + 


= (W —W.)?+ = (1—a) We], (80) 


—_ 
A 


co 


5 


: 


[locvieqHHe 4Ba WieHa B (8a), OOOsHaYeHHbIe B LabHeHinemM Dy H D,, OGyc- 
JOBJeHbI (*IYKTYaLHAMH MOTepl SHEPrHH Mp HOHH3AILHH HM BOsOyxKTeHHN 
He 3aBHCAT OT JOMONHUTeIbHOH HOHM3aHH. M (o) onpesesneTca mepepacnpe- 
leJIeHHeM 4HCJIa MOHH3OBaHHbIX H BOSOYKJCHHbIX ATOMOB, a TakxKe (blyKTya- 
IWHAMH, BOSHMK@IOULMMH B Mpolecce JONOJHUTebHOH HOHH3anHMH. B mpelemb- 
HOM CJly¥ae OTCYTCTBHA JONOMHUTeIBHOH HOHH3aHH (o — QO) (8) nepexonuT B. 
tbopmy.1y @aHo 


} 


ra 
da giciee SE 


0 0 


DPW. — Wi? + PW. — EN]. 9) 
HOH Bo36 : 
B cnyyae o=1 (86) Mower ObITb mpefcTaBleHa B Buse 

(W,—W,)? _ (W, —W (Ww, —W,) 


Dupes Ti P | P)= ‘ 10) 
SM ein os aa (10). 


O6cyKRenHue pesyabtTaTtos. 1. Ha puc. | npuBegena pac- 
yeTHaA 3aBHCHMOCTh ©® (o)/Mo Aaa aproHa u renun (Do — 3HayeHHe ® (0) 
mpH o = Q). IIpu pacuere B kayectT- 
Be W; u W, Obl B3ATHI 3HAYeHHA 
MOTeHWHala HOHH3anHH / HM 9HeprHk 
mepBoro ypoBHA Bo36yxTeHnaA Ui, 
COOTBeETCTBeHHO. Kak BHHO H3 pH- 
CyHKa, C YBeJIM4eHHeM BePpOATHOCTH 
JONOAHUTebHOM HOHH3alHu BesM4H- 
Ha ® (6) yMeHbilaeTcA B cuyuae ap- 
roHa mouTH B 30 pa3, Bcyaae remus 
B 100 pas. SHagveHud Dope Aa He, 
Ne, Ar, Kr uw Xe oka3asiucb paBHBI- 
MH cooTBeTcTBeHHO 0,0038; 0,0083; 
0,012; 0,014 u 0,016, roraa kak Do= 
=0,33 = 0,38. Bennunnwa’ Dnpez, 
Kak CuleqyeT 3 (10), ompenessetcs, 
B OCHOBHOM, pa3HocTbio W; — W,. 
TouHbIX JAHHbIX OTHOCHTeJIbHO 9THX 
Puc. |. SaBucumoctbh @/@M) or BepOoATHOCTH BeJIM4HH HOKa HeT. Bo3sMoxKHO, 4TO 

ONOJHUTeNbHOM WOHH3aILHU So MIpHBeweHHble 3HAYeHHA Dypex He- 

CKOJIbKO HWKe peaJibHBIX. Tem He 

MeHee, MOXKHO yTBep2xKaTb, YTO B CJyyae HCHOMb3OBaHHA JMerKUX ONaropos- 

HbIx rasoB (He, Ne, Ar) mpu sddekTHBHOH JOMOMHUTeIbHON MOHM3alKH MOXK- 
HO YMeHbIIMTb BetHuHHy ® (co) go 0,01 + 0,03. 

2. MoxKHO MpousBecTH OWeHKYy MOceqHAX WByX wWieHoB (Py Hu ®,) B (8a), 
iloularad, YTO MoTepH SHepruu £), H E;, paBHOMepHO pactpeseeHbl B MHTepBa- 
jax sHepru J << E, <2] u Ui < E, < J. Kak caeqyer u3 oeHKH, BO BCeX 
paCCMOTpeHHBIX Culyuaix BelHuHHa D, npeHeOpexKUMO MaJla, a BemMunHA OD, 
IIpHMepHO O{HHakoBa H paBHa ~ 0,03. OqHaKo HyKHO yueCcTh, 4TO NpeqMoso- 


2KeHHE O PaBHOMepHOCTH pacnipeseneHua EL}, ABJIAeTCA O4eHb FpyObiM MH MpHBO- 
MT K 3HauHTesIbHOMy yBemHueHHIO Dy. TlostomMy MO2KHO OX*KHAaTh, 4TO peaiJb- 
Had BewuHHa D, coctapssaet 0,01 0,02. Takum o6pa3om, ecTb OCHOBaHHA 
NowaraTb, YTO MpH AocTaTouHo sPeKTHBHOM JOMOJIHUTeIbHOK MOHM3alMH MOXK- 
HO YMe€HbINMTh 3Ha4yeHHe Koaddpunnenuta F yo 0,02--0,04, T. e. mpumepHo B 
10 pa3, 4TO B Cayyae HOHH3SAMMOHHOFO a-CMeKTpOMeTpa O3HA4aeT YMeHbLIeHHe 
IIpekeJIbHOM TMOJIYUIMpHHbI a-MHHK Jo 4 +6 k3B. 

3. Kak cuelyeT 13 H3J1I0%KeHHOFO, TOUHOCTh H3MepeHHA SHEPrHH HOHH3yI0- 
ueH UACTHIUbI CyWeCTBeHHO yJlyuimaeTcA pu perucTpaluu oOulero KoO/IM4eCTBa 
HOHH30BaHHbIX HU BO3OY2KJ@HHBIX aTOMOB. Pa3syMmeeTca, cioco6 o6pa3s0BaHHA 
JONOJHUTEbHOH HOHH3AaIHN 3a C4eT CTOJKHOBeHHH BTOpOrO pola He ABJIAeTCH 
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@MHCTBCHHBIM, XOTH HM fpelcTaBJineTcH peabHbim (*,°). B sTHx xe WeAX 


-MOxXKeT ObITb UCMOIb30BaHAa, HalpuMep, POTOHOHH3AaLLHA MIpHMeceli, oOaBssAe- 


MBIX K OjaropoHbIM ra3am. 

JJo cux Nop MbI ropopHuin 06 OO6pa3s0BaHHH HM perucTpalluu JONOMHUTeAbHO! 
MOHH3ANMM. OHaKO OYeBHAHO, YTO BCe CKa3aHHOe OTHOCHTCH HM K TOMY CJIy4alo, 
KOra pervcTpupyetcs YHCIO BO3Oy2XKCHHbIX ATOMOB, a HOHH30BaHHbIe aTOMbi 
MepeBOAATCA B BOsOyxKeHHbIe. Takada CHTyallHA MMeeT MeCTO, HalpuMep, B Ta- 
30BOM CILMHTHJIJIAWMOHHOM C¥eTUHKe Mp yYyCJOBHH NowHOH peKOoMOMHaHH 
MOHOB. CyleloBaTeJIbHO, MpesesbHad pasperliaroulad CMmocoOHoCcTb TakKoro cueT- 


_4HKa JOJKHA ObITb OYCHb BbICOKON, 


@MusHKoO-Te XHHYeCKHH ~HHCTUTYT [loctynHsto 
Axkayemnn Hayk CCCP 9 XII 1960 


UWHTHPOBAHHAH JIATEPATYPA 
1U. Fano, Phys. Rev., 72, 26(1947), *H. A. Biondi, Phys. Rev., 88, 660 


(1952). *G. Bertolini, M. Bettoni, A. Bis i, NuovoCim., 11, Ne5, 458 (1954) 
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Jlokxagnn AKkafemuu wayr CCCP 
1961. Tom 137, Ni 1 


PH3HK A 
B. A. MOJIMAHOB, B. Tf. TEJIbBKOBCKHH nu B. M. YHYEPOB 


AHH3OTPONUA KATOXHOFO PACH bIJIEHHA MOHOKPHCTAJLJIOB 
(I pedcmasaeno akademuxom J]. A. Apyumoeuuem 17 XII 1960) 


Ms3yyeHve paciblJIeHHA MOHOKPHCTAJJIOB HOHHbIMM Ty4KaMu HMeeT OobUIOe 
3HaveHHe JIA BbIACHEHHA MeXAaHH3Ma KaTOAHOrO pacnpivienua (*). OgHaKo 
OOJIBIIHMHCTBO BBIIIOJIHCHHbIX B 3TOM HallpaBJIeHHH HCCe,oBAaHHH MMeeT YHCTO 
KaveCTBCHHbIM XapaKkTep, HM TOJIbKO B He€KOTOPbIX paOoTax, omy6HKOBaHHBIX 
B TloculemHee BPeMA, esaeTcA MOMbITKA H3Y4NTb PaCHblJIeHHe MOHOKPHCTAJIJIOB 
KOJIHYeCTBeEHHO (”). 

OTa CTaThA COMPUT pesyJIbTATHI H3MEPeCHHA 3aBHCHMOCTH KOSpPpPuUMeHTAa 
pacnbiieHua rpanu (100) MoHoKpucTaiI0B Me HM HHKeIA OT yrsia MaqeHHa 

HOHOB Ha MHIeHb. PaOota BbINOTHAaCh Ha yCTaHOBKe, 
[106)  onucannoii pauee (°). 

PacnblJieHHe MpOW3BOAHOCb MYYKOM OLHOSapAQHbIX 
HOHOB aproHac 9HeprHeli 27 k9B. []n0THOCTb MOHHOrO 
TOKa cocTaBuiasia 1—2 ma/cm?, yrioBasd CXOMMMOCTb Ny4- 
Ka He Mpeppiiiana + 2°. 

Mertoluka H3MepeHHA KOSPuUneHTAa pacnblIeHHsA Opl- 
Jia Ta Ke, TO MB ipefpiymieh pabdote (4). 

Mowoxkpuctalinueckne OOpasibl Mocwle MOJIMpOBKH 

NOLBepraducb LJIHTebHOMY OTKHTY B BaKYYMHOH meuH 
[100] mpH Temnmepatype oKoulio 800°C. Satem OHM MejJIeHHO 

Puc. 1 OxJaKaIuCb JO KOMHaTHOH TeMMepaTypbl H MoBepx- 

HOCTHBIH CJIOH yalasicd XHMHYeECKHM TpaBJeHHem. Co- 

CTOAHHE MOBepXHOCTH HM OPHeHTHPOBKa MOHOKPHCTAaJJIOB MpOBepAJIMCb MeTO- 
aMH peHTTeHOCTPyKTypHOrO aHavu3a. 

CxeMa OpHeHTHpOBKH OOpa3silOB OTHOCHTeJIbHO KpHcTasorpadpuyeckHXx Ha- 
IpaBJIeHHH MOHOKpHcTaJJia H306paxena Ha puc. 1. CrpeKow noKa3aHo HalpaB- 
JieHHe BpallleHHA OOpasila B Mporecce 9kcnepHMeHTa. PesybTaTbI H3MepeHHi 
NpWBeleHb! Ha puc. 2,/ (MOHOKpHCTAaJI MeqH) HM Ha pHc. 3 (MOHOKpHcTa HH- 
Kea). Ha 9THX PHCYHKAX NO OCH aOCIMCC OTO2XKeH rol MaleHHA HOHHOFO Nyy- 
Ka, MO OCH OpsuHaT — KoOoPpuLHeHT pacnblwieHus. 

Ha puc. 2,2 mpupeyena aHajoruuHasd 3aBHCHMOCTb JIA NMOMMKpHCTa- 
JIMYeCKOH Me, B3ATad H3 padoTH (*). CpaBHHBaad KpuBble J u 2, MO*KHO 3a- 
MeTHTb, 4TO, B OTJIMYMe OT MOJHKPHCTala, Tle KospPPHWHeHT pacnbVieHuA 
MOHOTOHHO BO3pacTaeT IPH YyBeJHYeHHH yrwia MajyeHHA MOHOB Ha MUHUIeHb, 
KOSPPUMMEHT PaCMbVIeEHHA MOHOKPHCTaIa MeH Oovslee CJIOKHO 3aBUCHT OT 
yrsia mayeHua uoHos. IIpu Hekotoppix yriax (0°; 35° + 1°; 55° + 1°) umerwres 
MHHMMYMbI KospPuUMeHTa pacnbiieHHa. AOcOJNOTHbIe 3HaYeHHA KOSPPHILHeEHTOB 
B 3THX MHHHMYMAaX BO3pacTaloT MPH yBeMYeHHM yrvia Na_eHHA HOHOB Ha MH- 
eHb. 


Takoi Ke XapakTep HMeeT yIJIOBAA 3ABHCHMOCTh KOSPPHUHEHTA PacibiIeHHA 
MOHOKpHCTaia HuKeIA (puc. 3). 

YIJbl NaeHHA HOHOB, COOTBETCTBYIONLMe MAHHMYMaM Ha KPHBBIX pacmbiie- 
HHA MeM HM HUKeJIA, B MpeesiaxX TOUHOCTH H3MepeHHA coBnagaioT. Meqb u HH- 
K@JIb HMCIOT OMMHAKOBYIO KPHCTaJIMYeCKYIO pellleTKy. 
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Ilpu nopopote muuleHu Ha 35° HampaBsieHHe My4Ka CoBlasaeT C HalipaBae- 
vem (112) MonoKpucTanna, npu noBopote Ha 55° —c HampaBseHuem (111). 

Takum o6pasom, Kos@ulnexT pacnplieHHA MHHHMaseH, Kora HanpaBae- 
Me MOHHOTO My4kKa COBMaaeT C HaNpaBseHHeM OHO H3 OCHOBHBIX KPHcTa- 
Jorpaduyeckux ocei muuenu (100), (111), (112). 

MuTepecuo oTMeTHTb, 4TO 3ABHCHMOCTb KOSPPuILHeHTa BTOPHYHON SeKTpPOH- 
HOM IMACCHH OT yIvia MaeHHA HOHOB B CJ1y4ae MOHOKPHCTa.1.1a UMeeT TakxKe He- 


am/uoH# 
15 

; 1] 

: 

: 
5 

“10 QO 10 2 3040 30 60 70 80° -0 0 0 20 30 40 50° 
Puc. 2 Pue. 3 


MOHOTOHHBIM XapakTep, B YACTHOCTH KOS@PHUMEHTHI BTOPHYHOH IMHCCHH MO- 
HOKpHCTadia MeqH MIpH yrmax maleHua uoHOB 36° u 48° pa3sanuatoTca Go.tee 
eM BJBOe. 

Vcnomb30BaHHble B HaCTOALleH pa6oTe MOHOKPHCTaJAbl Obl H3PrOTOBJeHbI 
coTpyaHukamu VMuctrutyta Kpuctaimorpapbun AH CCCP nog pyKosogcTBom 
B. A. Tumodeesoti. ABtopbi BbipaxatoT eli OnarojapHocth. 

_ ABTOpbI BbIpaxKaloT TakxKe OlaroqapHocts E. B. Kononnopon, V. B. Te- 
neruHou, H. A. XaTaHoBol 3a onpeyeeHve OpHeHTHPOBKH OOpasios u VM. VU. 
Jlyurkopy 3a Momollb B padote.- 
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PHSHK A 
A. E. CTAHEBHY u H. Pf. APOCJIABCKHH 


HH3KOYUACTOTHbIN HH®PAKPACHDIN CHEKTP MOrJiOu,EHH SI 
BOMOPOAHOH CBA3H B DKHAKONM BOE UW KPHCTAJIJIOFMAPATAX 


(II pedcmaeaeno axademukom A. H. Tepenunom 26 1X 1960) 


Kak Oblvio moKasaHo E. ®. [poccom, B. HW. Banpkoppmm u A. VM. Crexa- 
HOBBIM (?,”), B HU3KOYACTOTHOM OG/lacTH CeKTpa KOMOMHAILMOHHOrO paccesHuA 
Aba WH pAa KpHcTaorMqpatow HaGwlofaerTcA CepHsA CaObIX JIMHH, KOTOpas 
OblJla HMM MCTOIKOBaHa Kak MIpHHaexKallad KOJeOaTebHOMY CIIeEKTpy BOO- 
powqHoH cBa3u. IlpeqcTraBnaso wHTepec OOHAPyKUTb KOseOaTebHbIi CMeKTpP 
BOLOPOLHON CBA3M B HH3KOUACTOTHOM OG/acTH HH(pakpacHoro cneKTpa Morso- 
UleHHA XKULKON (OOpIy- 

HOH MH «TAKeJION») BO- 

Jbl, a TaK Ke pxla KpH- 

CTaJIJIOB, COMepKalHx 

KPUCTAJIJIM3 allHOHH y10 

BOLY, YTO H ABHIOCh 

coflepxKaHveM HacTos- 

uleH pa6oTbi, BBITMO.I- 
_ HeHHOH C  MOMOULbIO 
| pas3paOoTaHHOH paHee 

MeTOAHKH MH annapaty- 

Ppbl J\JIMHHOBOJIHOBOI 

uHdpakpacHow CieKT- 

pometpuu (°,°). 

l. Hu3Kkouac- 
T.0 TH SLAC Oe Kore 
moramomen#H ua 
KHRAKOH BOD. 
Bnepsple JIMHHOBO.!1- 
HOBOe HHdpakpacHoe 
noroujeHve  %KHLKOH 

Pad! 4 BOAbI H Jtba Oplwio Hc- 

caeqopaHo =. Kap Tpaiii- 

Tom (*), KoTOpHIi c 

lp HMCHEHHEM MeTOa KOCTATOUHHIX» TY ¥eH OOH AP YAH LIMPOKyt0 OeccTpyKTYPHylo- 

Houlocy NMorsoujeHusa c WeHTpom y 60» (170 cm~’) oOycuioBeHHy!0 TpaHcJIAH- 
OHHbIMH KOJIeGaHHAMH MOJIEKYJI BOAbI BIOb JIMHHH BOXOPOAHbIX CBABeN. 

Ha puc. | mpegcrapseHbl NoJyYeHHble HaMH B OOsacTu 42 — 200 » KpuBble 
iponyckaHus (7) a onTH¥ecko MOTHOCTH (D) Aid %UAKOH OObIMHOH BOLI (A) 
M «TSXKeJIO» BoE (56) mpu TomlHHe cio” B 0,013 MM, 43 KOTOpBIX BHAHO, 4TO 
IUMpOKas Mosoca Koe6aHHli c WeHTpom y 170 cm7'He aABIAeTCA MpocToH, a OOHa- 
Ppy2XXHBaeT CTPpyKTypy co cj1a60 BbIpayKeHHbIMH MA@KCHMYM@MH, KOTOPbIX HET B 
cnekTpe napa (°). Tak Kak MHTe€HCHBHOCTH 3THX MoOC OblM OWM3KH K YpOBHIO 
lyMa, TO UX BeJIMYHHA H MOJIO*RKeHHE MOI ObITb OMpeeseHbl KaK CpesHHe 3Ha- 
YeHHA 3 OO/IbUIOTO YHCsIa NOBTOPHbIX H3MepeHHH. [Ipu paBeHcTBe KOHCTAHT KBa- 
3HYNPyrx CHI BOLOPOAHOH CBA3H B OObIUHOH HM «TARKEeMON» BONE YaCTOTHI TpaHc- 
JIAILMOHHBIX KOeOaHHH OOBIMHOHM HW «THKEON» BObI OJOKHbI ObITh CBA3AHbI CO- 

Ta6auua 1 
ee (Reb 2324 4 240 10a aT mRIGOe tab 
¢ D20 221 196 181 166 156 140 
(Yp,.0 Myo)? 0,91 0,87 0,90 0,90 0,95 0,93 


40 0 100 u 


100 
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OTHOWeHHeEM (Vp,0 /VH.0)? = Mu,o /Mp,o = 0,90 (rae M — maccer mosey), 
KOTOpoe, KaK BHAHO 43 Tad. |, BHINOMHAeTCH yOBMeTBOPUTe/bHO. 

Ecau paccmMaTpuBaTb Be M30/IMPpOBaHHbIe MOJIEKYJIbI BOJIbI, MeXKJLy KOTOpbI- 
MM OCYILeCTBIAeTCA BOLOPOAHAA CBA3b, TO Nepexogbl MEx*KLY pasJIMYHbIMM KoWIe- 
OaTebHEIMM YPOBHAMH BOLOpoLHoN cBasu (°,7) AayyT B CeKTpax NMOrJouleHH a 
H KOMOMHAIMOHHOrO paccetHHuA px Momoc C yeHbuUlatoulelica yacToToH 
HHTeHCHBHOCTHIO, onpeseitemoli cooTHouenuem e—!/"* (vu; +1). OgHako u3- 
BeCTHO, 4TO MOJICKYJIbl %KHIKOH BObI CHJIbHO 
aCCOWMMPOBAaHbI, MpHueM, Kak MOKa3saiw HeaB- 
HHe MccJielopanna (*), B XHIKOH Bole peasmn- 
3YIOTCA MOUTH BCe BO3MOKHbIe BOOPOMHIe CBA- . 
3u. Ilostomy np paccMoTpeHHH KouleGaTebHOrO ; . 
cneKTpa BOJOpo,HO CBA3H HeOOXOAMMO yuH- i a ee 
TbIBATh MOJICKYJIAPpHOe CTPOeHHe XKUAKON BOLI. 

Ha ocHOBaHHH J\aHHbIX peHTreHorpacuyec- 
KOrO HM CMeKTpabHOrO HccueqoBaHHH (°) Opi0 7 
MOKa3aHO, 4TO CTpoOeHHe XKUAKON BOLI XOPOUWO 
mepewqaeT MOJeIb, B KOTOPOH MOJIeKyJIbI BO- 
bl pacnovlOwKeHbl B y3JlaX HCKaxKeHHOM Ky- 
6uyecKOH pellieTKH. Kaxyad MovlekyJla BOLbI yyaCTByeT B OOpa30BaHHH YeTbIPeXx 
BOJOPOAHbIX CBASeH HM ABYX CBxA3eH Tuna Ban-fep-Baabca, OCyULeCcTBJIAeMbIX 
M@KLY aTOMaMH KHCJOposa MOvieKyJ1, He OOpa3syloulHX MexKy coOol Bosopos- 
HBIX CBA3eH. [locKobKy B3aHMOJeHCTBHA MexKILyY aTOMaMH KHCJIOposa MaJIbI, 
TO MIpH pacyeTe TpaHCJIAWHOHHBIX KOJIeOAaHHH MOMKHO MpHOHKeHHO 3aMeHHTb 
paccMoTpeHHe Takoli TpexmMepHOli pelleTKH ByXMePpHOH, B KOTOPOH ObIIH Obi 
peaJIM3OBaHbI BCe BOSMO?KHBIe BOJOPOHb!e cBA3H (pc. 2). B sto MosemM = yron 
@ M@KAY JMHeHHBIMH WenouKaMH Jo/DKeH Opiib OnH3KMM K 105°, T. e. yray, 
KOTOPbIM HMeeT MeCTO B H30.IMPOBaHHOM MoOvieKye BOAbI. PacuerT NOKa3biBaeT 
(°,2°), 4To YacTOTH! KOeOaHHH TaKOli WByXMepHOli pelleTKH V’ B Cly4ae paBHO- 
MpaBHOCTH YTOPH3OHTAJIbHbIX HM HAKJIOHHbIX lleMmoueK, K@aK 3TO HMeeT MECTO B 
JlaHHOM cyly4ae, OyyT WaHbI COOTHOWIeHHeM: 


/ 


Vv =v) + cos Q, (1) 
rie V— uacTOTb! KONeOaHHH MMHEHHOH Weno4uKH. 
PacgeT [Id TPaHCAMMOHHbIX KONe6aHHi WHHeHbIX Weno4ueKk (1°) NpHBOAHT 
| K TOMY, 4TO B pe3yJbTaTe B3aMMOeHCTBHH KarxKAbiit M3 KOJIeOaTebHbIX 
YPOBHeH H30JIMpOBaHHOH BONOPOLHOM CBA3H OKaSbIBaeTCA PAaClIleMJIeHHbIM Ha 
N coctapuasiouux, rae NV — uvcyo BOLOpOsHEIX CBA3eH B WemouKe, MW 4aCTOTHI 
~ Kome6aHHl Vv; WenouKH MpHONMKeHHO BbIParxKalOTCA COOTHOLIeHHeM: 


ky 4 jm 2 ale ju 
hes m(k-+-™) M Sle 2(N +1) ky: sin 2(N-+4)’ (2) 
rie k 4 % — KBa3HyMpyrve MocTOAHHbIe XHMHYeCKON cBA3H O — H 4H Bosopor- 
Hou cBpa3u H.. .O coorserctsenHo, M — macca moviekysbl H jf = 1,...,N. 
F Hau6ouee MHTeHCHBHBIMH OyyT Tak HasbiBaemble MpefebHble repe- 
ju 


. XOMbl, OTBEUAIONIHe TpeesbHbIM YAaCTOTAM Vo, Kora sin” NW ET) — 1, Kpome 


- Toro, BC€ MAKCHMAJIbHbI€ YACTOTHI WIA WemoyeK C Pa3sJIH4YHbIM YHCJIOM BOLOpoL- 
_ HbIX cBa3eli, HayHHaa c N — 10, OyayT mpakTu4uecKH CoBNalaTb UM CTpemMUTECH 
K 3HayeHHO MpeyebHol sactotl. Ilostomy B C.ly¥ae AJIMHHbIX WeMOueK B KOUIe- 

_ OaTeIbHOM CIIe€KTpe MOFyT, MO-BHAHMOMY, IIPpOABJIATbCA B BU OTCJbHbIX T0- 
AOC AMIMb MOJOCbI, OOyCIOBeHHbIe Tepexo,amn, OJIM3KHMH K TIpeleJIbHBIM. 
IIpu mepexoye k ABYXMepHOli Moje, u300paxeHHOH Ha puc. 2, Kaas 

M3 MIPeMebHbIX YACTOT Vo COrIaCHO BbIparxKeHHi0 (1) pacienasetca Ha Be KoM- 


NOHEHTHI V; UH Vo, CBASAHHbIe C Vo COOTHOUICHHAMH: v1 =1,12 vy) H vy =0,86v,. 3 
| HX, Kak 10Ka3aHo B(*), Oolee HHTEHCHBHOM OyeT BbICOKOUACTOTHAA KOMTIONeHTA. 

Ecau IipHmucaTb HanOoviee BbICOKOUACTOTH y1O (232 cm~? usa H2O) u3 Ha6mo- 
‘AeHHDIX Ha onbiTe Mosloc yacToTe V,, TO COOTBeETCTBYIOULaA YaCTOTA MpesedbHOrO 


_mepexoya B JIMHeMHO!i WerouKe Vy coe papua 207 cm, a 4acTora Vv, cocTaBHT 
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178 cm7!. B coorBeTcTBHH ¢ 9THM YaCTOTa OCHOBHOFO KOJIeOaTe/IbHOrO KBaHTa’ 
juMepa V., nowyyaemas 3 (2) npx j = lu N = 1 wu cBA3aHHaA C YaACTOTOH Vo. 
Bhipaxkenuem Vv, = 0,707 vo, okaxketcA paBHot 146,5 cm". Ananorn4Ho MoxmKHO 
BCe H3 HaG/IOLaeMbIX Ha OMIT MOJOC MPHHATh 3a V, H ONpeeHTb COOTBETCTBYIO- 
He MM YACTOTEI V , YACTOTHI MIPeebHbIX MepeXOMOB Vo H YACTOTHI KOIeOaHHi 
H30MpoOBaHHO BOLOposHOH cBa3H Vv. Bce 3TH 3HaveHHA YaCTOT AIA KoNeGa- 
TebHOFO CIeKTPa BOLOPOAHOM CBA3H B OObIMHOM MU «TAKENON» BOLE MpPHBeeHbr 
BeraO te ce ; 
V3 Tra6aHUbl BAO, YTO BCe YaCTOTb! TPYNMHpy!IOTCH OKOJIO 3HaYeHHH, M0- 
JVUCHHEIX H3 OMbITa, H KaxkKad 3 IKCMePHMeHTAJIbHbIX MOJIOC MO*KeT OBIT 
o6ycOBJIeHa Ppa3JIHUHbIMH KO- 
Ta6aunua 2 je6anHamH. B %xHKOH Boye 
— — OCYULECTBJIAIOTCA, T10-BHMMO- 


H,O D,O ; 

- MY, TOJIbKO KOJIeOaHHA Vy H Vo. 

aif Oe oe Oe Be ee mal ies Orcioyza MOHATHO, moyeMy 
“yo Vo. CM —1 nae = Mat m1 = 

Ye cM | cm—1} cM cM cM cM uiHpokaa nosoca TPaHC/AILHOH- 


HbIX KOJIeOaHHH HKHAKOM BOLbI 
232 |207 | 178 |446,5| 221 |197,5|170 | 139,5 4MeeT Maxcumym y 170 cm’, 
240 |187,5) 161/133 | 196 |175 | 150,5| 124  XOTA HaOMOMaemble Ha oMbITe 
{91 }170,5| 147 | 121 184 |164,5|4139 414 MOJOCbI JIexKaT B Oomee BbICO- 
1S Ae ee AL eae fe KOUAaCTOTHOH O6acTH. STH To- 
He fe oe a He pe ra | gg 10cbI._ OGyculoBeHbI ~Mepexosa- 

MH, OJIM3KHMH K IIpee@JIbHbIM, 
OHakO peaJIH3yIOTCA H MeHee 

BbICOKOYACTOTHbIe HEMpPeeJIbHbIC MepeXOMbl, KOTOPble CHJIbHO MepeKpbIBaIOTCs: 
A BHOCAT CBOH BKJa B OOMlee pacripeesieHHe HHTCEHCHBHOCTH WHPOKOH MOsOCbi 
MOPJIOMLeEHHA TPaHCJIAIHOHHbIX 
Koule6aHHi. 

IIpequioweHHaAd HWHTepmpe- 
Tala jaeT TakKKe BO3MOX- 
HOCTb TO H3BeCTHOH dopmyule 
WIA KOeOaHH rapMOHHYeCKo- 
rO OCWHIIATOpa BbIMHCIHTb 
KBa3HYIIpyryt0 MOCTOAHHY!0 BO- 
JOpoqHoH cBaA3H, KOTOpad pH 
yueTe aHrapMOHH4HOCTH Kovie- 
OaHui, MerkO Momyyaemol 43 
WaHHbIx Ta6n. 2, OKa3zbiBaeTcA 
MpHOwH2KeHHO paBHor 1,4-10* 
AH/CM JIA YKMAKOH OOBIYHOH HM «TAKEO» BOAbI. EctecrBeHHO, TOT xe pe- 
3YJIbTaT MOXHO MOJYYATh U H3 copmyubr (2). 

2, HuskouacTOoTHHe HHPpPpakpacuHpye CneKTPH No- 
rAOMeC@HHA KpuHeCTaNAAoruApaTos. B cBa3H Cc M3yyeHHeM KoO- 
JeOaTeIbHOTO CHeKTPa BOLOPOAHOH CBASM ObIIH NOWyYeHbI B OOacTH 42—200 
pH Temnepatypax +20° u —175° cnekTppl norsomleHua psa MOpoulKos KpH- 
cTaorHapatos: CaSOs:2H2O, NazCOs-10H20, CuSOs-5H20, LieSOs-H2O u 
(COxCHOH)2 ‘Nak -4H2O. B kayecrBe mpumepa ua puc. 3 npuBexeHo mpony- 
CKaHHe KPHCTaJJIMYeCKOrO ruMca, HAXOAAMLeroca MpH Temnepatype —175°. Kpu- 
Bpie / M 2 xapakTepH3y1oT mporycKaHue runca Ao uM mocwe ero Aeruyparanun 
pH Temiiepatype -+-180° B reyenne 4 yac. McuesHoBenne movioc morsoujenus 221; 
192;°175; 160; 145° 130: 418 en Ip JerHy{paTrawun runca MoKasblBaeT, ATO: 
9TH NOMOCHI OOYCOBJICHbI MOJIEKYJiaMU BOMbI, C1a60 CBA3AHHbIMU C OCHOBHOIi 
pewleTkol Kpuctasua (1), 


Puce, 3 


* Coruacuo paGote (!7) B Goee BbICOKOYACTOTHOM OGNacTH CnekTpa BOAbI oTcyTcTByeT ce- 
JIEKTHBHOE MOPIOMLeHHe, KOTOPOe MOFsIO Obl ObITh OTHECEHO K paCCMATPHBaeMOM CepHu Mosc. 
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B paote (*) KojeOaTebHoMy cnekKTpy BogoposHoli cBa3H KPHCTAavI1JIH3a- 
WHOHHOH BObI B runce ObWIM OTHeECeHBI TObKO UaCTOTHI 110; 122; 132 u 146 
cM”, OfHako B (1%) OblI0 NOKa3aHO, YTO HHTeCHCHBHOCTh Hi NOJAPH3alA STHX JI - 
‘HHH 3aBMCAT OT OPHEHTAMH KPHCTaJa FHNCA, YTO 3aCTABHIO ABTOPa OTKA3aTbCH 
OT HHTepmperawHn 3sTHx 
nowoc Kak lpHHaiexka- 
WLUx KOUleOaTeJIbBHOMY 


Wa ourw tae 


CMEKTPY BOLOPOMHOI! CBA- C4SO-2H,O | Na,CO,- 1010 CusO,-511,0 |Li,80,-H,0 Tae Uae 
3n. JlelicTBuTenbHo, Ha6- -—— ; 

JojileHHple B (2%) u3MeHe- 
_HHA B CHeKTpax He MOryT as lease ie 353 * 
ObITh OOBACHEHBI, HCXOLA ae tans a : 

M3 MpeqcTaBseHuit O Ha- 221 92) * 48 oe; 
_JHYHH B KpHCTasuie H30- 207 208 
JMpOBaHHOH BO,OpOLHOli | 195 

. 192 190 
CBA3H. OTH U3MeHeHHA, | igs [eee : 
'0-BHMMoMy, CBA3aHbI C 175 175 ; 176 
Oonee COMKHOK accolNa- 160 | > 160k 4 160 
‘WHel MoJIeKy JI BOI BKpH- | | 150 

Enc ata P 145 145 148 | 145 

a ; 130 133 | 130 137 

_ Brana. 3 mpuBeqena 118 116 : | 446 {15 
-CBOJ\Ka YaCTOT BCeX MOJIOC | , pia | 

MOrOuleHHA, HaGwrOeH- ne | q 108 

HbIX B HHpakpacubix pacers ada 4 

“CHEKTPax HCCJICLOBAHHbIX Il[pumeuanue. Cnextppr CaSQ,4-2H,0 u Li,SO,-H,O B 06- 


KPHCTaJJIOB nip KOMHAaT- 1acTH wacToT Brille 230 cmM~* Tlosly YeHbI He O6blH. Tlonocbl, ormeueu 
= Hble 3Be3TOIKON, NOUyIeHbI TOMbKO MpH KOMHATHOHM TemMnepaType. 
HOW TemMMepatType H pH 
'—175°. Uutepnperauna Bcex noJly4eHHbIX MOv0c B HaCTOAMLee BPeMA 3aTP YAHH- 
TejibHa. UacTb H3 9THX MONOC, NO-BUAMMOMY, IPpHHaexUT KoJeOaTebHOMY 
‘cneKTpy BO,oposvon cBa3H. Crefyer, ofHaKO, MO\YepKHYTb, 4TO pH HHTep- 
MIpeTalMH CHeEKTPOB KpHCTaJJOrHApaToB B KaKJOM OTCJIbHOM CJly¥ae, B TOM 
yucuie HB CJly¥ae rumca, HeEOOXOMHMO YUHTbIBATb KaK KOJIeCOAaHHA OCHOBHOK 
KpHcTasIMYeCKOH pelleTKH, TAK H KOJIeCOaHHA MOJIEKYJI KpPHCTaJIM3alHOHHON 
-BOJbI, HMeA Tp 9TOM B BHLy THI OOpas0BaHHOH B KPHCTAJe BOLOPOLHOH CBASH 
WM BO3MOX%KHY!IO ACCOMHAalHtO MOJICKYJ! BOI. 
'  AsrTopbl BbIpaxkaroT OularogapHocth O. II. Pupnny 3a yuactue B oOcyxKye- 
HHH TMOJIYYCHHbIX pe3YyJIbTATOB. 


\ Tlocrynuio 
9 IX 1960 
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Jloxuaye AKkawemun HayK GCCeP 
1961. Tom 137, Ne 1 


PHSHKA 


K. C. UWHMOPHH uw B. ©. PACKHH 


YUYBCTBUTEJIbHOCTb NOJIMAHCNEPCHOM HHAHKATPHCHI 
K ®OPME KPHBOH PACIIPEAEJIEHUS 


(IT pedcmaeaeno axademukom A. A. Jle6edeeum 21 X 1960) 


1. Vingukatpuca paccesHHa cBeTa NOMHAMCHepCHOH KOJJONAHOK CHcTeMon 
onpelemseTcA COOTHOWIeHHEM 


oo 


(8) =\ 1G, a) (@)da. (1) 
0 
Snecb J (8) — nommfucnepcHand wHyNKaTpHca; / (8, a) — HHAMKAaTpHca pac- 
CeAHHA OTCJbHOH YaCTHUbI paluyca a; f (a) — KpHBan pacnpesenenua; 8 — 
yroul paccesHHsA. 
Dopmy.ta (1) Maer MPHHUMNHAbHYIO BOSMOXKHOCTh OMpesemuTb f (a) To u3- 


BecTHHIM / (8, a) Hu / (8), ecu OOepHyTb HHTerpambHoe ypaBHeHHe (1). ITo 
ypaBHeHHe rpescTaBiseT Co6oH ypaBHeHve @MpeyrombMa NepBoro pola Hu, BO- 
o6ule TOBOpA, KaK H3BeCTHO, MO HeMy MOryT ObITb ONpesesieHbI He TOUeTHbIe 3Ha- 
yeHusa (PyYHKUHH } (a), a CpeHHe 3HAYeHHA ee BAOJIb MAJIbIX OTPe3KOB OCH a6c- 
uuee (‘). Jia HekoTOpbIX NpocTHIxX sep — WHIMBHAyaJbHbIX MHMKaTpHC 
! (8, a) — ypaBuennue (1) MoxkeT ObiITb TOUHO OGepHyTO, H Mbl HaXOMHM Tora 
He cpeqHHe MO MaJIbIM yuacTKaM, a TOYeUHbIe 3HayeHHA cyHKuUHH f (a) (?). 
@Pu3zn4ecKH MeKLy ITHMH OOOMMH CJIY4aAMH HET pa3JIM4HA, NOCKOJIbKY CpeHHe 
3HaueHHsa } (a) Oy,yT ONM3KH K TOUCYHBIM IPH LocTaTouHO rycToTe pa3sOveHHA. 
[IpakTHyeckH Ke, C BbIUHCJIMTeJbHOH TOUKH 3peHHA, pasIM4He 3ecb BeCbMa 
BeJIHKO, TaK KaK IIpH OTCYTCTBHH TOUHOH ChopMyvIbI Win O6opaunBanua (1) 3aya- 
ya CBOJHTCH K pelleHH!O CHCTeMbI JIMHeHHBIX aJireOpanyecKHX ypaBHeHHH C 
OOJIbUIMM YHCJIOM HEH3BeCTHbIX, 4TO ABJIAETCA BeECbMa TPyJOeMKOH oMepanel. 
Jia Ooubmtero Kpyra 3aj,au ONTHKH MYTHbIX Cpe, CBeeHHe HHTerpaJIbHOrO ypaB- 
HeHHA Dpenroupma (1) K cucTeMe JIMHeEHHbIX asireOpanyecKHX ypaBHeHHH Heo6- 
XOJMMO, Nockoubky cdbyHKuna J (8, a) 3agaeTcsa OOBTMHO B BHe TAO HHIMKAT- 
puc. IlpH sTOM BO3HHKaeT BaxKHbIN BOTIpOC O MOOpoKayecTBeHHOCTH NoOJyYeHHOU 
CMCTeMBI. 

2. IIpaBbie uacTH Halle CHCTeMbI MpeACTAaBJIAIOT Pe3y/IbTAT IKCMEPHMeHTA, 
IlOSTOMY OHH BCera CoepxaT HEKOTOPy!o OWMOKy. Ita oWHOKa, pasymeertcs, 
iepelieT B OKOHYATEJIbHBIM OTBeT. OCHOBHOM BOMpoc 3feCb COCTOHT B TOM, 
OyeT JIM OWIMOKa B 3HAYeCHHH KOPHeH CHCTeM aJireOpanyecKHX ypaBHeHHH Mmpu- 
MepHO TOO 2%Ke MOpALKa, YTO M OWHOKA H3MepeHHA, UIH 3HAYHTebHO OoubUle. 
OueHb YaCTO OKA3bIBAeTCA, UTO PaCCMATPHBaemManA CHCTeMa «HeqOOpoKayecTBeH- 
Ha», T. @. YTO HeOOJIbUIHM KOJIeOaHHAM B TIpaBbIX YaCTAX ypaBHenuit OyAyT 
COOTBETCTBOBATh OoJIbUIMe KONeOAHHA B 3HAYeCHHAX KOpHel Hale HHeHHOL 
CHCTeMbI, HM BMOJHe TOUHOe C MATEMATHYECKOM TOUKH 3peHHA pellleHHe He Oyner 
o6naatb (PH3H4eCKHM CMBICJIOM H3-3a TOTO, 4YTO MpaBble YaCTH ypaBHeHHH H3- 
BeCTHbI C OrpaHHyeHHOK TOUHOCTHIO. EcJIM BOCHOIb30BaTLCA paqHOTeXHHyecKoHi 
aHaJIOrveH, TO Cle yeT CKa3aTb, YTO Halla CHCTeMa MOMeXOHeycTOH4HBa — CJla- 
Opi ITyYM Ha BxOfe OHA MpeBpautaeT B OObINOH CHrHa Ha BbIXoye. B TeopuH 
JIMHEHHBIX ypaBHeHHii Takad CHCTeMa Ha3bIBaeTCA MWIOXO OOycOBMeHHOM. Mox- 
“ MOKa3aTb, YTO CTeMeHb OOYCJIOBJICHHOCTH CHCTEMBbI ONpeesAeTCA OTHOMMEHHEM 

Amax /Aminy THE Amax H Amin — COOTBETCTBEHHO MAKCHMAJIbHOe MH MHHHMaJIbHOe 
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COOCTBEHHbI€ YHCJIa MATPHIbl CHCTeMbI (KOSPPHUKEHT YCHJIeHHA WyMOB paBeH 


BY Inax /Mmin). Y M10XO O6yCOBEHHOM CHCTeMbI 3TO OTHOMeHHe BeMKO (Opsay- 
Ka 10° — 10*). Cucrema, y koTopoi 3To oTHOMIeHHe MpeBEMaeT 10*, He NOLXOLUT 
(JIA peUleHHA TMOCTaBJICHHOH 3aauH. 

3. IIpH nocrpoeHuu Haulei CHCTeMbI JIMHeMHbIX ypaBHeHHH MbI MoxKeM 
MCNONb30BaTb MHAMKATpHCbl PaCCeAHMA B pa3HBIX WMalas0Hax yIvIOB pac- 
cestHua. EcTecTBeHHO, 4TO MbI JOJKHbI IPH 3TOM CTPeMUTECA BLIOpaTh MHIU- 
KaTPHCbI B TOM OOAacTH yrsoB B, rye cucTema syulle BCero O6ycOBeHa; B STOM 
calyuae OrpalvyeHHaxA TOUHOCTh SKCMepHMeHTa MeHbUe BCerO CKaKeTCH Ha pe- 
3yibTate. Takum oOpa30M, BOSHHKaeT BaxkKHad mpoGbslema 06 ucceqoBaHHu 
“OOYCJIOBJIEHHOCTH CHCTeM aJireOpaMyuecKHX ypaBHeHHii, KOTOpbIe NOABAIOTCHA 
IIpH MCMO/Ib3SOBaHUN B OOPATHOH 3aaue TeOpHH pacceAHHA pa3JIMGHbIX y4aCTKOB 
MHUMKaTpuchl paccedHuA. Peyb ugeT 06 onpeseneHHH ONTHMaJbHOrO yuacTKa 
_MHMKATPHCHI, KOTOPbI WeslecooOpa3sHo UCMOIb30BaTb pH onpeemenuu f (a). 
PasymeeTca, OTBeT OyMeT CyUIeCTBEHHO \3aBHCeTb OT TeX 3HAYeCHHM A, B KOTOPBIX 
f (a) 3aMeTHO OTJIM4HO OT HyVIA. 

4, PaccMoTp¥M, HalpHMep, a9po30/Ib, MHKpOCTpyKTypa KOTOporo OMMHChI- 
BaeTCA raMMa-paciipeseseHHem 


f (a) = Aa exp (—ya). (2) 


Ilepexoqa K HOpMHpoBaHHOH KpMBOH B OTHOCHTebHBIX eMMHUAax a/a=t 
(a — cpeqHee 3HayeHHe a), NoyuHM 


+ 
f(a) = yore exp [—(v + 1) Tt]. (3) 


Mopmy.ia (3) onuicbiBaeT OAHOBepLIMHHOe pacmpeseseHHe C UIMpHHoit 
At = 2,48/Vp. (4) 


E,MHCTBEHHBIM TapaMeTpoM, XapaKTepH3yi0OllHM (opMy KPHBOH, 3feCb ABJA- 
eTCA pL. 
Uccneqyem Temepb, B KaKOH OOacTH yruioB paccesHua B NOWMAMCHepcHan 
MHAUKATpHCa C paciipesesenvem (2) HanOoslee YyBCTBUTebHAa K (popMe KpHBoli 
pacnpefeseHHa, T. e. K mapamerpy }'. [IpH aHanu3e MbI HCNOIb3yeM MOJIMAHC- 
TlepCHy!0 HHAMKaTpHcy, cooTBeTcTBylollyio KpuBow (2), Aaa caysad «MATKHX» 


yactu (*°). Tlonupucnepcnaa unfuKatpuca J 3anumerca Tak: 


E-Ten (2) P (U). (5) 
Snecb 
on 128 x = 
| Ipen (@) = Iva? se (1 +cos* B) a’, 
9 2 
PO pepe ll ser t+ Te +) +9}, 
; Ee 9g Ant. 
ee, mata Sond 6 
s=(14-u)-", r=arctgu, 
p+1 


F =cos (vw +1) r+ us (vu + 1) sin (u-+ 2) i ese +2) cos (uv +3) r. 


| Tlonaraa cpequui pagMyc wacrull a M 4MCJIO YaCTHIL B eQMHHLe OObeMa 3a- 
—_ HaujyleM 


| dl gy TT. ( 
it = == pest (a) ae I pen (a) ig (u, +), (7) 
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| 


rye 
Pagid p+ {69, (u) + u >= 
288 2 
- (w+ 1/08 ir (24 + 3) — s@4) F In 5 — st) a 


Kpuspie F (2, }+), nocTpoeHHnle B yHKUMH yraa pacceaHna 8, MIpHBeqeHpr 


Ha puc. 1. Buguo, ato uyscersutenbH 
’ ocTb / kK Me [ (a) (Tt. e on 
pactaeT B o6ulacTH MAJIBIX 8. (pop i ( ) ( KG w) Pe3skKO Bos 


ah 
i 
ee 


12b 
100 
80 
ae 
S S 
= / 3 49 
= 
20 
0 0 i 30° 90. 20° 
¥ n 
Pue. 1. p=8. 1—a=0,1 wp; Puce. 2.a=0,1 » ) 
2—a=0,2p 


5. B Kauyectpe Apyroro clyyait paCCMOTPHM a93pO30/Ib C MMKPOCTpyKTy- ; 
po Buga 


A 
—;, @D> Amini 


f@ = - 
f (a) =, 0<a< Gnin. 


IIpH n = 4 bl mpHyem K pacnpesenenuto TOnre. 
Tlonumucnepcuple MHAMKATpHCbI JWI “MATKUX» YACTHIL Tenepb OyfLyT 


(8) 


fe 4, of == fons (a) Ps (u), (9) 
rye 


oz , ; 
(pe (u) = = = (i tes Qu + 3u? +2u?— u? cos 2u — 2u sin 2u — 2u® sin 2u}; 


n=5, I= Fpen(Q) Qs (u), (10) 


rye 
= ee asin! 
aac Oh 5? 
oF ad IGSin es) “COS Er ae am 
ON a ee 
i= UO, Paces fa) pa (t), (11) 
rye ; 
oe ae 
Re ee ee 22 
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Qa (u) = aa ta [2 (—24 + 2u? — u*cos u— 


— 2u (24 + uw?) sin u — 2u® sin u + nu*] vip + eu : : 


[1a cay4asa pacnpefetenua (8) cHcTeMa JIMHeHHbIX ypaBHeHHli OyeT uMeTb 
HauJyurylo OOycOBJIeHHOCTb TaM, ye HHAMKaTpuca / (8) GyeT HMeETb HAaHOOWIb- 
Ill ylO CKOpOCTb H3MeHeHHA No 8. Kpupasn usmenenua d//d8, nocrpoeHHasd B (yHK- 
wun 6 npx n = 4,a=0,1}, npuBegena una puc. 2. Ona noKaspiBaeT, YTO 4YBCT- 
BUTeJIBHOCTh HHJMKATPHCbI 3fleCb, TaK 2Ke KaK H B CJTyuae raMMa-pacnpelereHHuaA, 
yBeMuMBaeTCA B OONACTH MaJbIX 8. 

6. PaccmoTpeHuble Bbillle THMMUHbIe IIpHMepb! NOKa3bIBaIOT, YTO AIA pelieHHA 
OOpaTHOH 3ayayH HeOOXOJHMbI MoOLpoOubie TaOMUbI HHMKATpHC paccexHUA 
B oOOacTH MaJIbIX yrvioB. CocTaBsleHHe TaKHX TAaGHIL MpekcTaBneTcA HaM 
OMHOM M3 BaxKHBIX 3aauy ONTHKH MYTHDbIX cpel. 


, ITmaBHas reodusHyeckaad OOcepBaTOpHA Tloctynue 
| um. A. H. Boetikosa ee oe LOU 
; UMTHPOBAHHAS! JIATEPATYPA 


1@®, Ix. TpuKkomu, A ibpiketanede ypapuenns, M., 1959. * K. C. Ilugpauan, 
Tp. Bcecow3H. 3a0uH. JecoTexHny. HHCT., Ne 2, 153 (1956). 3K. C Un ppHuyH, Paccesnue 
icBeTa B MyTHOH cpege, 1951. 
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Jlokxagn AkanwemMun wayk CCCP 
1964. Tom 137, N14 


TEXHHYECKAAH PH3HKA 


JI C. MAJIATHHK, HO. ®. KOMHHK, B. M. KOUIKHH u E. K. BEJIOBA 


OB OJHOH FPYNNE TPOHHbIX NOJTYNPOBOAHHKOBbIX 
COEQJHHEHHMA 


(IIpedcmaeaeno akademuxom C. A. Bexwunckum 2 XII 1960) 


1, DneMeHTapHble NOJYNpOBOMHHKH —TepMaHHH HM KpeMHHH, a TakxKe 
cepoe O0BO pHHayexat K IV rpynne NepHoxuyecKoH CHCTeMbI MH KpHcTaJVJIH- 
3yloTCA B pemleTKe aJIMa3a. UncJIO BaJIeHTHbIX 9JIEKTPOHOB Ha aTOM, paBHoe 4, 
jolycKaeT yCTaHOBJIeHHe TeTpadpHuecKHX CBA3eH B pellleTKe STHX 9JIEMCHTOB, 

Tloqo6Han peulerka coxpaHAeTcA TakxKe B pAe ABOMHbIX CoemHHeHUH (THNA 
UHHKOBOM OOMaHKH ZnS, Hampumep InSb, GaAs, AlSb, AIP u gp. (1-°)), o6pa- 
30BaHHbIX 3JICEMeCHTaMH,  paciOJIOXKeHHBIMH CHMMeTPHYHO OTHOCHTeJIbHO 
[V rpynnbl nepHoyuyeckon cucTembl. Buarolaps STOMY Y HHX, Kak U y 9J1IeMeH- 
ToB IV rpynnbl, cpeqHee 4HCIO BaJIeHTHbIX 9JIEKTPOHOB Ha aTOM COXpaHseTca 
paBHbIM 4. 3HaYHTeJIbHOe YHCJIO 9THX COCMHEHHH TakxKe ABJIACTCA MOJYMpoOBOL- 
HHKaMH. 

V3pecTHO, 4TO CpeqH TPOMHBIX COeAHHeEHHH pelleTKa auiMa3a HaOIOMaeTcA 
y Xabkomuputa (CuFeSe) u y pala coequHeHHH MosoOHnoro cTexHoMeTpHyeckoro 
coctaBa (HanpHmMep CuGaSez, CulnSee u gp.), o6mayqaioulux noswynpoBoxHHKo- 

' s < e DIpilipVI 

BbIMH CBOHCTBaMH (?). OTH Coeq_HHeHHA c OOweH dopmynoh BBB, wmMoryT 
ObITh MOJYYeHbI H3 JBOHHbIX C MOMOULbIO «MePeKPeCTHbIX 3aMeIILeHHH» JJIeEMeH- 
TOB, Pe€KOMeHJOBaHHbIX T'ym3Hom (3) MH TpeOyrollMxX COXpaHeHHA HeM3MeHHbIM 
(paBHbim 4) cpeqHero 4MCa BaJIeHTHbIX 3QJIEKTPOHOB Ha aTOM, Hampumep 
Aig Sef~ — CuttGa**Set— u T. m. CaeqyeT, OfHaKO, 34Me€THTb, YTO PeKOMeH- 
jauuu Tyim9Ha He BCera peaJIbHO OCYILeCTBHMbI, TaK KaK OHH He y4HTbIBa- 
IOT YCJIOBHH TepMOAMHAMMYeCKOH YCTOHYHBOCTH Mpelnosaraembix coeqHHeHHH, 
BbITEKAIOILMX H3 «MepeKPeCTHbIX» H «BeEPTHKAJIbHbIX» 3aMelleHHH. Mubimu cuo- 
BaMH, TOJIbKO XMMHYeCKHH KPUTepHH BbIOOpa HOBbIX MOJIYNPOBOHHKOBBIX 
MHOrOKOMMOHEHTHBIX COCAHHEHHH HefocTaToueH JIA UX peasHs3alnu. Hye 
YKa3bIBaeTCA JONOJHUTeEIbHBIM — KPHCTaoreoMeTpHueckHH — KpuTepHi, Mo- 
BbILMAIOULHH HAeKHOCTh MpelCKa3aHHA HOBbIX MOJIYNPOBOAHHKOBbIX COeIHHEe-| 
HHH C pelleTKOH THMa asiMa3a M Jp. 

Mcxoyqs HX xumuuecKoro KpuTepHa (°), MOXKHO peKOMeHJOBaTb HM Apyrue 
3AMEIILCHHA SJICMCHTOB, He H3MeCHAIOUIMe B COeMHCHHH OTHOLWIeHMe 4HCJIa Ba- 
J@HTHBIX 3JIEKTPOHOB K YHCJ1Y ATOMOB, Kak HanpuMep Zn$t+Se$—— Cu3+Sn*t Ses. 


IIpeqcrapuiseT HHTepec MpOBepHTb, COXpaHAeTCA MH pH 3TOM TeTpasqpuye- 
CKaA KOOpAMHAalHA B pelleTKe HW OONaaioT JH MoOOHbIe CoeqHHEHHA Mosy- 
IIPOBOAHHKOBbIMH CBOHMCTBaMH, 

2. Hamu Opin CHHTe3HpOBaHbI CMMaBbI, OTBeYalollHe (bopMye TponMHoro 
coelunenua B3B'’By', rae B'—Cu; B!Y —Ge, Sn, Pb; B— S Scare 
Pacuimpopka peHTreHorpaMM, CHATHIX B sy4¥ax Mel (puc. 1), nmosBomseT 
3aKJIOUNTb, UTO BO BCeX CJIyYaAXx, KpoMe cmaBoB c Pb, oOpasyloTca TponHple 
CoeqHHeHNA Cc pelieTKOH ammasa. Ha pentreHorpaMMax HaOsojaloTCaA HHTeH- 


CHBHbIe JIMHHH OT MJIOCKOCTeH, CYMMAa KBaJ[paTOB HHJ€KCOB KOTOPBIX SJh? co- 
cTaBasieT; 3, 8, 11, 16, 19, 24, 27, 32, 35, 40, 43, 48, 51, 56, 59. B Ta6z. 1 mpu- 
BOAATCA SKCNEPHMeHTAIbHO HalieHHble 3HAYCHHA NapAMeTPa Asxcn PelleTKU 
JIA BCX HCCJI€EIOBaHHbIX CoeqMHeHHH. 
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Kpome yKa3aHHbIX «CTPYKTYPHbIX» JIMHHH, Ha PpeHTTeHOrpaMMaxX OblWIM OO- 
HapyKeHbI ClaOble «CBEPXCTPYKTYPHble» JIMHHM, HHeKcbI Ak/ KOTOpHIX yOB- 
JIeTBOPAIOT CyIELYIONLeMy NpaBusy; BCe OHH UeTHHIe, acyMMa Ux yh; = 4n + 2, 
mle n — wenoe uncno, n = 0, 1, 2. 3Hauenua SA? cBepxcrpyKTypHbix MAHI 
IIpHBeseHL B TaGw. 1. Han6ovtee 
OoraToH HMU OKa3saJlacb peHTre- 
Horpamma coesuHeHHA CueSnSs, 
a HanOovlee GeHOH— peHTreHo- 


rpamma CusGeSes. Ha ocnosa- 
‘HMM aHaJiIu43a 3HaveHHH HHeK- 


COB H HMHTe€HCHBHOCTeH CTpyK- 
TYPHbIX HM CBepXCTPyKTYPHbIX 
‘JMHWM JIerKO YCTAHOBHTb, 4TO 
atoms! S, Se uu Te, coctTaB- 


‘JIMIOULHe AHHOHHYIO Nosrpynny 
COCMMHEHHA, pacio/lararoTcaA B 
y3ax OMHOH Mospeulerku aul- 
Ma3a, a y3JIbl BTOPOH KaTHOH- 


HOH MO{pelleTKH 3aHATHI B CO- 
“OTBETCTBYIONIEM (CTEXHOMETPHYeCKOM) COOTHOMIeCHHH aTOMaMH Cu Sn (Hsin Ge). 


Hou 


Gett 
Sn‘+ 
i Pb4+ 


Tao0muma 2 


OrHomeHve HOHHEIX paquycos r,/r, 


S?- Seti] Te 
roy 
a 
1,74 | 4,01 | 2,03 
0,25 | 0,23 | 0,22 
0,42 | 0,39 | 0,36 
,48 | 0,44 | 0,41 


AMEN oR Om iten 4 


Tlapametp 
: POUEIEID fi Tlorperm- pes ores 
CoequHenua noon Alo, eTpyKTypHbe 
a a JIMHHH Lh; 
BHI sken 
CusGeS.’ |) 5,20" |'5.80 2 4,12,36,44 
CuySnSz3 5,44|5,43| —0,2 |4,12,2036,44 
CuzGeSe3 De02 A ooo 10,5 | 44 
CusSnSe3 5,65 | 5,68 +0,5 4,44 
CusGeTes 0,97 | 0,85 —0,3 |4,12,20,36, 
A452 
CuoSnTes 614 6,04 | —1,4 4,12,44 


‘Kak caelyer 43 anaiu3a 3HaveHuii CTpyKTYpHOrO MHOKUTeIA, yCHeHHe CBepx- 
“CTPYKTYPHbIX JIMHHHi UMeeT MeCTO IPH 3HAYHTEIbHBIX Pa3/IMYHAX B ATOMHBIX 
qbaxTopax aHuoHa A, HM KaTHoHa A, (Hampumep (Cu, Sn) —S u (Cu, Ge) 


— Te), a ocna6eHue —- pH MaJIbIx 
pasmmunax Ag HU A, (HaNpuMep 
(Cu, Ge)-—Se), yo nogrBepx- 


yaeTCA peHTreHorpamMMamH (cM. puc. | 
mM oraom | 1). 

SamMeTHM, 4TO JpoOHOe YHCIO MovIe- 
KyJI Ha AueHKy (°/,) He JOJMKHO. BbI3bI- 
BaTb HeJOYMeHHii, Tak KaK B KpHcTaJI- 
JIOXHMHH OMOOHbIe CiyYaH M3BeCTHHI 
J\JIA MHOTHX HOHHBIX COeHHeEHHH MH HH- 
TePpMeTAJIHAOB WH He HCKJIOUeHBI JIA 
IOJIYMPOBOAHHKOBEIX COeHHEHHii. YKa- 
3aHHble COe{HHeEHHA IIpH 9TOM MOTryT 


ObITb THIMYHbIMH aJIbTOHHZaMH C BbICOKHM JlaJibHHM UM OJIM2KHHM TOP ALKOM , 


HO C M€pHOJ0OM, 3HaYHTeJIbHO IIpeBbIWAaIOMIMM MepHOR pelleTKH. 
Kak BHHO u3 puc. 1, 3amenjeHHaA B pay S — Se — Te mpHBogsT K 3aKOHO- 
MepHOMY yBeJIM¥eHHIO Mapametpa pemerKH. AHasOrHuyHble, HO COOTBETCTBEHHU 
MeHbUIHe H3MCHCHHA MapaMeTpa MIpoOncxoxAT pu 3aMeuleHuu Ge ua Sn. B cBasn 
_C 9THM HaM MipefcTaBJIANOCb WesecooOpasHbIM yYeCTb POJIb pasMepHOrO (ak- 
Topa Mp OMpefeseHHH BOSMOXKHOCTH BOSHHKHOBeHUA CTPYKTYPbI C TeTpastpHu- 
“yuecKOH KOOpAMHalnel. ' 
Kak H3BeCTHO, KOQPAMHAILMOHHbIe YHCIa KATHOHOB H, CJIeEOBaTebHO, (bopma 
AHHOHHBIX MOJIMILPOB OlpeeAIOTCA OTHOWeHHeEM f/f, PaWycoB KaTHoHAa 
M aHHOHAa, KOTOpOe AIA TeTpasqpHyecKOH KOOPAMHALHM LOJKHO JI@KATb B MIpe- 
“Renax 0,22 —0,42. B ta6n.2 npHBosatca 3HayeHHA HOHHbIX pamuycos (4) 
WU BbIUMCJICHHbIe€ OTHOWEHHA fy /f, *. Kak BHHO M3 TaOsm. 2, KaTHOHDI Ge’+ 
WH Sn** JomwKHbI O6paso0BbIBaTb TeTpas{pbI CO BCEMH pacCMaTPMBaeMbIMH aHHO- 
Hamu (S?, Se? u Te*), a Terpasapuueckad KoopyuHanuA c yuacruem Pb*+ 


Tins 


aJIOBEPOATHA, MOCKOJIbKY OHA MOXET CO3LaTb CHJIbHY1IO HallpA2KCHHOCTh CTPyK- 
Typpl. (Jimmb anvonHpmi nowayp (PbTe)*- mor Ont HMeTb cbopmy Terpaag—pa, 


* O6 HOHHOM paguyce Cu BHTepaType MpHBOAATCH 3aMeTHO pagHYaoUlHeca AaHHbie, YTO 


HE MO3BOJIAeT CleaTb JOCTOBeEpHOM KOJIMUeECTBEHHOM OWeCHKH. OHaKO H3BeCTHO, UTO Cu O6pa- 
3yeT TeTpasqpuyeckHh momHayp C S (H, Tem BeposTHee, Cc Se H Te), HampHMep B XaJIbKONHpHTe. 


J 
‘ 
i. 
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TaK KaK OTHOIMeHHE fF, /f, HAXOAHTCHA Ha Mpesese Nepexoya OT TeTpaspa K OK- 
TasLpy.) 

Takum o6pa3om, IIpHBeJeHHble KpHCTaJJOXHMHYeCKHe COOOpaxkKeHHA XOPOLio 
OObACHAIOT HalliH SKCMEPHMeHTaJIbHbIe JaHHbIe, COracCHO KOTOPbIM H3y4daB- 
mMecH TpOHHbIc COeMMHeEHHA Tua B.B)Y By! mpH yyactuu Ge H Sn o6pasyi0T 
pelleTKY aJIMa3a; pH yuacTHH 2%xe Pb BOsHHKAaIOT Apyrve CTPyKTyPpbl. 

3. Ha ocHOBaHHH KpHCTaJJIOXHMHYeCKHX MpecTaBJIeHHH MOXKHO BbIYHCJIUTS 
3HANCHHA NWapaMeTpa Qpyy CHHTeC3HPOBaHHbIX HAMM CoeMHeHHH C pelleTKOH 
aima3a m0 (opmyue 


8 d _ 
a = 4 = aie | 
BbIiYv V3 D V3 ? ( ) 
rye d — cpeHee paccTosHHe MexKLy COCeHHMH AHHOHOM H KaTHOHOM B aHHOH- 
HOM (H KaTHOHHOM) TeTpasype, fr — ycpeHeHHbIli AaTOMHbIM pafluyc B peluleTKe 
uccvieLyeMOro TpOHHOrO COeAHHEHHA, paBHbIi B NpHOMKeHHH MpaBHa Be- 
rapa 
se \) 
r= >) xr; = xan + xere + xfs, (2) 


re f;— aTOMHbIit payWyc, xX; — aTOMHaA KOHIeHTpalWaA f-rO KOMMOHeHTA, 
3ameHa B cbopmyvie (1) cpeqHHX MexKYHOHHBIX paccTOAHHH d = ra + fx HJM, 


YTO TO Ke CaMOe, CPeCMHHX HOHHBIX paHycoB fa H F_~ COMPHKACalolluxXcA aHHOHA 


H KaTHOHA B AHHOHHOM TeTpadpe Ha CpeMHHe ATOMHbIe PajHyCbl BbISBaHa 
Te€M, 4UTO HAM He€H3BeECTHO TOUHOC 3Hd- 


civininasinaiknt yeHHe HOHHOTO paguyca Cu. TaKaa 3a- 
g MeHa BIIOJIHe MpaBoMepHa, eCM y4ecTh, 


S Se Te > 
YTO TIpHOIM2xKeHHOe paBeHCcTBO fr ~ d/2 
P | to he 7 | ; B (bopmyvie (1) yJOBJIeTBOpHTeJIbHO BBI- 
! NOJHAeTCA JIA TIpHMeCHABLUIHXCA HaMH 
aa A he Agee U BHJHO U3 COnmocTaBuie- 

Ge |2,26|2,18 De a 4 (ee iacediaedlenrenres hy wehiote.g pape oh 
Sn |2°44|2'4812'53]2765|2'73 [2.77 HHA WaHHBIX TaOs. 3. (SHayeHHA aTOM- 
HbIX H HOHHbIX palHyCOB 3 aHMCTBOBAHBI 

er! 14 
*@— CYMMa aTOMHbIX paguycos, A; 6 — cym- 3 ( , 3) 

Md ROSES e eae ee Kak BHgHO M3 TaOn. 1, pacueTHBIe 


3HAYCHHA Qpiiq XOPOWUO COBMAMAIOT C 9K-— 


CIepHMeCHTaJIbHO HaHJICHHbIMH BeJIMYHHAMH Qoxcn NapaMeTpa peleTKH HCCJIe- 


WYeMbIX TPOHHBIX COe4HHEHHH. ITO yKa3blBaeT Ha WeslecoOOpasHoOcTb KPHCTa- | 


JIOXHMHYeCKOrO NOLXONa IPH BLIACHeEHHH BOSMOKHOCTH (popMH poBaHHA J\aHHOU 
KPHCTaJIM4YeCKOH CTPyKTYypbI H OWeHKe CTeMeHH ycCTOHUYMBOCTH Tex HJIH HHbIxX 


NOIM9LpOB (TeTpadsqpoOB H Ap.) B OxKHAaeMbIX MHOFOKOMIMOHEHTHEIX TOJIyMpo- | 


BOAHHKOBbIX CoeqHHeHHAX*. B TakHX COeAHHeEHHAX JOJDKHA OCYLLeCTBJATECA 
CJIOKHAA HOHHO-KOBaJICHTHad CBA3b, ABJIAIOULAACH OJHHM H3 HeEOOXOJMMBbIX yc- 
JIOBHit BOSHHKHOBeHHA MOJYHPOBOAHUKOBBIX cBolcTB (*). SameHa OHUX 9JVIe- 
MeHTOB JIPyYrHMH B pxje coeqHHeHHH, MOOOHOM paccMOTpeHHOMY HaMH, OGyc- 
JIOBJIMBaeT BO3MOXKHOCTb MIpOABJICHHA OoJIbuIOrO MHOrooOpasHA B HiOaHcax 
XHMUYeCKOH CBA3H, BeAyulero K OOoralljeHHiO CpeACTB WIA yJIyYMIeHHA Noy- 
MPOBOXHHKOBBIX H J pyrHx PH3HKO-XHMHYeCKHX XapaKTepHCTHK HOBbIX NMOJy- 
MPpOBOHHKOBbIX MaTepHaJioB. 

MsmepeHua TepMo3/IeKTpHYeCKHX H JpyrHX CBOHCTB yKa3bIBaloT Ha TO, YTO 
HCCJIeOBaHHble HAMH TPOHHbIe COeMHEHHA JOJKHbI ObITh OTHECeHbI K KsaCcy 
MOJIYMpOBOAHHKOB. 

4. IIpu cHHTe3e HOBBIX MOJYMPOBOLHUKOBBIX CIIJIaBOB CTPpeMATCA MOJYYHTb 
COeqHHeHUA C SJIEKTPOHHOH CTPYKTypou, OH3KOH K 3aqaHHOH. Ec B3ATb 3a 


* Yka3aHHblii KpHCTaIOreoMeTpHyecKHit KpHTepHt HaHOovlee HasexKHO BHINOMHAeTCA Np 
HAaJIHYHH B COCAHHEHHM JOMHHMpYylollero pH TeTpasyqpHueckoH KOOpAHHAaWHH AOCTaTOUHO MaJio- 
ro ueTbIpexBaleHTHOrO KaTHOHa (Ge, Sn). TIpH stom Maso3apsaqHEIM KaTHOH (Cu) mpHobperaer 
BHIHYKACHHYIO TeTpasApHueckylo KOOpAHHALLHW. 
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K cmambe JI.C. Maaamxnuxa, 10. K. Komauka, B. M. Kowxuna u E. K. Beaoeott, cmp. 68 
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Puc. 1. PextrenorpamMmbl coeqHHeHHit CusGeSs3 (/), CusSnS3 (2), CuzGeSes (8), 
CusSnSes (4), CuzGeTes (5), CusSnTes (6) 


K cmamee A. A. Maaouyeea, B. K. Mameeeea u B. M. Tameeckoeo, cmp. 123 
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‘AH, v. 187, Ne 4 
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OCHOBY PelleTKY COCAHHEHHA, ABJIAIOWLErOCA MOJTYHpOBOHUKOM, HM OCYIIecTB- 
JIATb YKa3aHHbIe, BbIILe 3aMENLEHHA ATOMOB KOMIIOHEHTOB C COXpaHeHHeM B coe- 
HMHeHHH CpefHero YHCJIa 3JIEKTPOHOB, MpHXOAAULMXCA Ha aTOM (°), TO MOXKHO 
OXKUAaTb, YTO MOJIYMPOBOAHHKOBbIe CBOliCTBa OyAyT HaOIOLaTbes UM B MOWyyeH- 
HbIX HOBbIX) coeuHeHUAX. B caMoM Jee, COXpaHeHe TUNA pemeTKH O3HayaeT 
cOXpaHeHHe opmbl 30H DpuuiosHa; COXpaHeHHe KOHUeHTpalluu BaJIeHTHIX 
_ 3JIEKTPOHOB Ha aTOMB IIOJIYMpOBOMHUKe O3Ha4aeT COXpaHeHHe MoJOKeHHA 
_yposua Depmu oTHocHTeibHO rpaHut 30nbt BpussosHa, Stu Ba (pakTopa B 
ok yesocrn C BeIHUHHOM SHepreTHyeckoro 3a30pa AE mexyly 30HaMH ompe- 
_ fle1AIOT OCHOBHBIe CBOMCTBa MoyNpoBoyqHuKka. Uto xe Kacaetca 3azopa AE, 
TO OH pactTeT C yclHJleHHeM HOHHOrO XapakTepa XHMMUYECKOIi ‘CBA3H B COeqHHe- 
_ «HUM (°). CaeqoBaTebHO, MOJIyMpOBOAHUKOBbIe CBOMCTBA HOBbIX CoequHeHUIi 
_ OKa3bIBaIOTCA 3ABMCHAIHMMH B OCHOBHOM OT CTeIMe€HH HOHHOCTH XHMMYeCKO 
_CBA3M B HHX (T. €. OT pa3HOCTH 3JIEKTPOOTPHILaTebHOCTel KOMIIOHCHTOB). 
 Oymako, Kak culeqyeT 43 aHHOro COOOULeHHA, IPH yKaSaHHbIX 3aMelleHHAX 
| JOMKHbI YYHTHIBATDCA HE TOMbKO XHMH4eECKaA CBASb, HO HM KpucTaoreomerpH- 
yeCKMH KPHTepHi, Olpeyeisioulu, OyzeT HM B MOJY4eHHBIX COeHHEHHAX CO- 
XPaHATBCA MCXOfHaAA KOOPAMHALMOHHAA KOHUrypalluA HIM HET. Tak, Ha MpH- 
“Mepe «coeqHHeHHIi» Cu,PbS;, Cu,PbSe; u Ap. HaMH WOKa3aHoO, YTO «<XHMMYeCKHI» 
coco6 BEIOopa MOJyMpOBOAHHKOBBIX COeMHEHHii UH, B YacTHOCTH, croco6é 'y_m3- 
/ Ha — «MepeKpecTHEIX» HM «BePTHKAaJIbHEIX» 3aMelleHHii smemMeHTOB (°) — oKa- 
oleate HeECOCTOATEIbHLIM, MOCKOJIbKY 9TH COCAHHECHHA peaJIbHO He oOcyiile- 
“CTBIAIOTCH KaK TePMOAMHAaMMYeCKH HeYCTOMUMBHIe. 


| XappKoseKnii rocyapcTBeHHblii yHHBepCcHuTeT Toctynuso 
um. A. M. Toppxoro 26 XI 1960 
Hayuno-HccreqoBaTesbcKu HHCTHTYT 
OCHOBHO!M XHMUII 
XapbKoB 


WMTHPOBAHHAA JIMTEPATYPA 


5. ©. Opmout, Crpyktypa neoprannueckux semects, 1950. 7 B. Il. Kys3e, 
Pav teqrecna, E. Jl. lltpym, %KT®, 28, 2093 (1958). °C.H. L. Good- 
man, J. Phys. Chem. Solids, 6, 305 (1958). *O.Taccewab, Kpucrannoxumua, 1936, 
emp. 22, 42, 5H. A.FoptoHnosa, Jloxropckaa pucceptauua, Jlewnnrpan, 1958. 
y* B«Seraphin, Zs. Naturforsch., 99, 450 (1954). 
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Jloxnagn Akagemuun nayrk CCCP 
1961. Tom 137, Ne 4 


fil. A. MYCAEJISH 


O OJIFOCPOUHOM TPOrFHOSE AHOMAJINU 
BEPTHKAJIbHbIX CKOPOCTEH JBYU)KEHHSA BO3LYXA 
HAJ| CEBEPHbIM NOJTYLUAPHEM 3EMJIM 


(ITpedcmasaexo axademukom JI. H. Cedosoim 6 X 1960) 


| 
| 


Sayaya O JONTOCpOYHOM MpOrHo3se BePTHKAJIbHbIX TOHOB OblJia NOCTaBJIeHa 
E. H. Bamnosoit 4 paccMaTpuBasacb B padotax (1%). B pa6ote (4) Obi0 n0- 
Ka3aHO, KaK COBPeMeHHbIe adpouOrMyecKHe aHHble, a B OCOOeHHOCTH JaHHbIe 
MexyyHapogHoro reocdbusuyeckoro rofa, MOryT ObITb HCHOMb30BaHbI JIA 
YTOUHEHHA THAPOMHAMMYeCKOrO OJTOcpouHOrO MporHosa CpeqHHX MeCAUHBIX 
aHOMaJIHit TeMilepaTyp Mo ceBepHoMy NowyuiapHio Semin. B Hactosleh padore 
mpefsaraeTca cnoco6 ruipoxuHamuyeckoro AOIrocpouHOro nporHosa (c HCHOsb- 
30BaHHeM COBPeMEHHBIX a3POJIOTHYeCKHX JlAaHHBIX) CpeHHX MeCAYHBIX AaHOMA- 
JM BepTHKaJIbHbIX TOKOB JJIA Bcero CeBepHOrTO NoyuiapHA Semin. 

BepTuKaJIbHble CKOPOCTH MOXKHO OMpeseIUTh 10 MIpHOmMKeHHOH dopmyite (*) 


2waspuz cos 8 = (fay + i : ress Ay) + 20 Sh |p ae; (1) 


sin 
0 a% 
4 — ourota Mecta; 9 — jonojHeHHe WIMPOTbI; Z — BbICOTa Hay] YPOBHeM Mops} 
¢ — Bpema: t) — PyHKUHA TOKa; a) — cpeqHHii paquyc Seman; w — yrsoBas 
CKOPOCTb Pata SeMiIH; p — CTaHJapTHad MOTHOCTh (PyHKUHA OHOTO Z): 
wa he OF _ op dAp dp dAp 
~ sin @ 00 7 (sin 8 a) + gneganat’ Cb AW) = oe oa ae op 
B cBowo o4epeb tp MoxKeT ObITh MpHOMMKeHHO ONpeseseHO Yepe3 Pcp — PYHK- 
ILH10 TOKa Ha CpeqHEM YPOBHe Zcp H Yepes Temnepatypy TJ no dopmyvie 


Zz 


ee ae 
p= 2071, \ t dz ak ae (2) 
Pep 
re g— ycKopeHue}) cHubl TaxKecTH; 71—cTaHapTHad Temmepatypa; 
= tcos §. Takum o6pa30m, JIA oMmpeyesieHHA Vz Hao 3HaTb Be PYHKIUAH: 
Pcp (0, 4, 4) uw T(z, 9, A, 2d). 

Mobi OyeM pacCMaTpHBaTb JBHXKEHHA aTMOCHepbI Kak MaJIBIe BO3MYLLCHHA, 
HaJIOKeHHbIe Ha 3aMaHC-BOCTOUHbIM nepeHoc; AA (yHKIMH ToKa p 3anajuHo- 
BOCTO"UHOrO MepeHoca HMeem tp = — a (2) aj cos 9, rae a (2) — 3aBHCAMMi OT 
BbICOTH] «HHeCKC WHPKYJIALHH». 

JImneapu3upys (1) uw ucnomb3ya (2), nouy4IMM HecTallHOHAapHYy!O He3OHaJIb- 
Hy!0 YaCTb UV, CKOPOCTH Vv, W3 paBeHCTBa 


doa cos Fe: =| abe | \ EEE oe ees eM de 42 \la (ee 
Zep Zep 
+o] \ 2 jade + VP vo 4 eee Wee Me de, (8) 


Pa 
XN 


as 
SR 


30 40 5060 80100120 140 150 160 
ae EZ 
Pir ONS NAA 
A Re lll 
b & Be TRS 
iN 
a = ZAR 
= : ~ 


Hy 
f 
, 
v 
; Puc. 4 

3 

me vt” H tp, — HecTalMoHapHble He3OHaJIbHbIe YACTH (yYHKIMH T Hp, COOTBeT- 
‘TBEHHO. PyHKUMH t” H *p,, MbI BOSbMeM 113 (*), mpwuem, Kak H B (*), 6yfem uc- 
1 } { a : 

Tb «YCTAHOBMBIIMHCA» PeKUM, JIA KOTOpOTO 

dA dAQ : op 

ceases “ag + Men ay +2 ep + ©) GH = 9 e 
ep — mo6ax u3 bynKuHi t” u1p.,, IpAyeM %,, = o (z,,) ABAAeTCA 3HaTeHHeEM 
ekca WMPKYJIAWHH Ha CpeqHeM ypOBHe. 

C nomoutbio (4) Mbl MOxKeM Tellepb HCKJIOUHT 43 (3) NPOMSBOHBIe NO Bpe- 
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MeHH HW HallWCaTb 


2aa} cos 0 « pus = F(A + 2)\ [a (2) — ap] {ae | vdz+ vol ode. | 
0 2cp 


Sanuuiem pa6ouyio opmyly, MpHHuMad «a (2) = acpi / Zep WH 3aMeHAA 
ero 3HaveHHeM T) Jia ypoBHa Mops. Ilo1yaHM OKOHYAaTebHO 

2 
E%epZep fe) " 30T, " 

aN ee A gar : 
_wa®T, a (A +r ) {To Bp Pep 


Uz, COS G.=3 
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: Wop = 2) 2 ID ' cos (mA + ont) +.D,” sin (mA + ont)]Pn (cos 9), (7) 


| TIo (4) 


co 
” 


B= > > [tin (0) cos (md + on't) + ta, (0) sin (mA + 0%%)] P™ (cos 8), (8) 
my) ee : 


+ 
m ‘m 
me D, uD, ompeseisiotca uepes KoadpuvenTh pasi0KeHHA HayanbHOrO 
Hons BpicoT 600 MO NoBepxHocTH, 
D” +. iDw ‘A HDLC 2 tae + @) m 


ne n(n ate 1) — &ep/N,; 


; 2Mm 
' QO) it™ (0) = gh nasi Fahd Badd 
K Tin aa ) } 2n ( ) a® V ie V om ‘ 


in = of — . :  — 
or oT a fm 4; ae 


Lh 


FS tls Bil a! 


Apes way ot Jk! = 
2 “3 ae} Sa Vi 
% i 
OCTAJIbHbIe OOOSHAYeHHSA cm (2)). II J Uy i) 
. llosTomy, ecIM npeqcTaBHTh vz, cos 9 B Buse 


“ 


Uz, COS 8 = . (9) 


i 3 
Sep Zep m my Cw’ es E pa ; 

- oe) ae 3 > [W,cos (mA+ont)-+W," sin (ma + on't)] Pi (cos 8), 

é 


nu=1 m=l1 
; We = — [n(n +1) —2] m( rs — 2" De), 
: Z 
in te + 1) 9) m (<m. — mos pt) 


f 
_ Ha ocHoBanuu (9) Obi nogroToBeHbl padoune PopMysbI 1A ocpeqHeH- 
tin M10 BP€M€HH aHOMaJIHH BepTHKaJIbHbIX CKOpocTeii. OcpeqHeHHe pacmpoctpa- 
H#AJOCb Ha MepHoy oT 40 Zo 70 zHe (OT Ha¥ambHoro). Ilo sTuM cbopMyviaM B Ja- 
\OpaTOPUN MaHeTapHOH JHHAMHKU aTMOCdepbl H FHApOHHaMHYeCcKOroO Jouro- 
2pouHoro mporHo3a morogbt Mucrutyta npuksagquol reopusuku AH CCCP Ha 
ceTapOM MaTepHase Obl WaH px, MpOrHO80B aHOMAJIHHi BePTHKAJIbHbIX TOKOB 
Wid Bcero CeBepHOrO NowyuapHsA. 
_ Ha puc. la u 2a jaubl 7Ba npumepa MporHo3a CpeHUX MECAYHBIX aHOMAJIUli 
B€PTHKAJIbHbIX TOKOB JIA MapTa H uIOHA 1959 r. KocBeHHoH mpoBepKol onpaB- 
[bIBACMOCTH ITHX MPOFHO3OB MOMKET CIVKUTb CpaBHeHHe C PaKTHYeCKHMH pac- 
IpeqeeHHAMH BbINageHuA ocazKoB. Ha puc. 16 u 26 npuBeyeHbI bakTHYecKHe 
= O BbIMaeHHH OCaqKOB Ha, palioHamMu Espasun. 

B HacTosiee BpeMA peryJIApHO B OMepaTHBHOM MOpAKe COcCTaBJIAIOTCA 
IPOTHOSbI AHOMAJIHHi BepTHKaJIbHbIX TOKOB JIA BCero CeBepHOTO Nowymapus. 


' MucTutTyT MpukKlaqHoH reopu3ukn Tlocrynusio 
; AxkajlemHH Hayk CCCP 4 X 1960 
; IMTHPOBAHHAA JIMTEPATYPA 
1E. H. Bauuosa, Tp. Ientpanby. uucr. mporso3os (1954). * E. H. Bauno- 
, Tp. Llentpanpy. nucr. nporuosos (1955). * E. M. LoOpumMaun, Tp. Tleutpanby. 
. Mporuosos, B. 60 (1957). *E.H. Bauuosa, J{AH, 131, Ne 2(1960). ° E. H. 


uHOBa, JAH, 110, Ne 6(1956). 
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Jlokxxaygn Akagemun nayrx CCCP 
1961. Tom 137, Ne 4 


TEO®PH3HKA 
(39H WHH-LLYHb 


NPHMEHEHHE NOJIHOH CHCTEMbI YPABHEHHH 
TEPMO-PHAPOJMHAMHKH [K /KPATKOCPOUHOMY 
NMPOrHO3y MOroybl B JBYXYPOBEHHOM MOJIEJIV 


{(IIpedcmaeaeno axademuxom: J]. H. Cedossim 27 X 1960)= 


B nocuieqHee BpeMA JIA YJIY4IeHHA KpaTKOCPOUHOrO MpOrHo3sa MOrogbl Oco- 
60e BHHMaHHe yleIAeTCA MIPHMeHeEHHIO MOJHOH CHCTeMbl ypaBHeHHH TepMo- 
rupoquHaMuku. Paspa6otanupie 1. A. Ku6enem Teopetuueckve cxembl (1, *) 
WaloT OTUETIMBY!O CBA3b MexKy OOuleli H KBa3HreocTpoduyeckoH TeopHAMH, 
a TakxKe yKa3bIBal0T, B 4eM HX pasHuHe. JIA peamM3allHH STHX CXeM Ha BBbI- 
YMCJIHTebHOH MalIHHe Moe3HO Ha; MepBOM 9STaMe HECKOJIbKO YyMPOCTHTb 3a- 
nauy. Hactosamjaa pa6ota mpescTaBseT co6ol cxemMy, BHJOM3MeHeHHYIO JIA 
IMBYXypOBeHHOH MojemH (7). 

IIpoctoH BbIBO HCXOJHBIX ypaBHeHHH JIA JByXyPOBeHHOH MOjeJIH MOXHO 
HalTH, HallpHMep, B paOote A. Duuacceua (°). JlocraTouHo sanucaTb 1Ba ypaB- 
HeHHA JBHKCHHA H ypaBHeHHe Hepa3pbIBHOCTH Ha ypOBHAX 250 u 750 MO, oT- 
MeuaeMbIX HH2Ke COOTBETCTBEHHO HHekcamu | u,3, H ypaBHeHHe MpHToKa Tela 
Ha ypoBHe 500 MO, oTmeyaemom HHZeKcoM 2, Tak 4TO 


5-3 Sale ae eee 
ins a ee 3) 
(© sar), + = —[0(% sae + Gear), . 
(o6o3HayeHHA Te *%Ke, 4TO H B (?)). 
MbI paccMoTpHM «IJIOCKyIO 3a,auy» MH KpaeBble yCIOBHA 
@®=0 npu ¢=0, I. (5) 


SameHa MpoOH3BOMHEIX No € Ha KOHeUHbIe pasHOCTH c y4eTom (5) faet 
(dua / OC), = 2 (uw)2, (Auw/ AC)3—~ —2 (ua)2, (C2 OD /dL)2~1/,(D3 — Di) ¥ 


ra pe oes ‘Ouy 00} =e Ou OUs 

a= — (SB 4 i) (He 4 
Bpeqem U = 1/2 (ui +- us), =1o(v1 +03), H = 1/2 (M1 + Os) 

u = 4/5 (ui — us), v = 5: (CLS Us) 1/,(®1 — ®s3); Torgqa Ip MoMoULE 
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lOMKEHHA WH BLIYMTAHHA C YYeETOM 3aMeHbI U2, ve Ha U, V cooTBercTBeHHO Mo- 
Ty4HM CHCTeMy ypaBHeHHH Jia STUX 6 cbyHKuUi (3): 


ee ee | ee ae 
rt 9p FU = —[ Sy OO ea, (6) 
aaah 
hae [ae +89 ipl: 
top tu = — aes ay 3 | = as, (7) 
| mS (ee) [uM iy Bla 
A ws HaWerca no ypaBHeHHlo 
sa 8) ° 


OTH ypaBHeHHA pelllaioTcA WIA BCeM MIOCKOCTH C 3a,aHHbIMH HavaJIbHbIMH 
sHayeHHaAmMH U®, V°®, u°, v? u A®. 
_ SameHHM npou3BoxHble mo ¢ KOHeYHOPa3HOCTHbIMM OTHOLICHHAMUM, HalIpH- 
mep Ou/Ot ~ (u — u°)/6t u T. 1., © y4eToM Toro, 4TO B JeBLIX 4acTAX MpHMem 
IeHTPHPOBaHHble MO OTHOWIeHHIO K ¢ KOHEUHbIe pasHOCTH, a MpaBble 4aCTH OCTAa- 
BUM MOKA MPOM3BOJIbHbIMH; Halpmep, ypaBHeHHe JA Ww MpuMeT BUY 


— 09 4 fo(h+ h® 
od ) Lv + 0%)| = a. 


[locye HeKOTOpbIX NpeoOpasoBaHHii MOyYHM MpornocTuyeckHe ypaBHeHHA 


| A(U —U’) ee eect (9) 
| A(V—V°) = Se rea BV 1d ete (10) 
a= (2) (42M) ar a 
u = sey |a1-Of +S ar-8t + (1—()) uo + 8-09 — 
: ++ 1 leh —(3) 7 "3 mm; (12) 
oe THe 2 iP Phir Ba Ohm 9: ud + (1— (3) 08 + 
+ pe eae oad —(3)7S" |: (13) 


Rees = = (h— no) = 0. [2 — 2) — 
mare opm) + P+) 


i —B (u + u) + 2(10— Ano)| + FID? = f, (14) 


| 


1 
frie A= 0?/ 0x? +0? / dy?,6 = 1-6, Q° = dv°/ dx — du°/dy u D®°= du /dx+ 
* dv? / dy. 


| | 


Ch 


Pemenue (14) orHocutebHo h — h° umeeT BUI 


— sa 
h— =— 35 | \Ke be V 1+(%) Vex UP) x,y) dx'dy’, 


(15) 
rie Ko (x) — dyHkuuaA Becceia MHMMOoro apryMeHTa. 

Ha nmpakTHke MbI MOXKeM CUHTATb BCe HeJIMHeEHHbIe WJICHbI HW WJICHbI, CBA3AH- 
Hble c B, HMeIOWIHMH HCXOHbIe 3Ha4YeHHA; Tora mo (15) MoxkHO HalTH h, 3aTem 
mo (12), (13) Hafitu u, v, mo (9), (10) nalitu U,V; H u @, BEYHCIAIOTCA MO pe- 
menuio (11) u (8) B HHTepecyroulMH Hac MOMeHT. 

Uo kacaetca pewienHi Jia U,V uH, Mbl mIpHHuMaeM «J1OKaJIbHoe pelleHHe» 
ypapHenua I]lyaccona c yyetom Toro, 4TOObI JHBepreHiHA BeTpa cTporo 6plia 
paBHa HyJl0 TakxKe IPH 3aMeHe MpOH3BOAHbIX Ha KOHEYHbIe PasHOCTH, TaK TO: 


Lye (pik > \ (mk (— Ba) r'dr'd®) ét; 6) 
. es ey 0 
Ve Wee é \ \ sq In  (— Ba) r'dr'd8) 64; (17) 
an’s 0 0 | 
H(t) — H® = \ x In © (F (f) — AH) r' dr’ 8, (18) 
00 


rae Ru & onpeseisotTcaA sMnupHyeckH. Hamu Opin npHHATEr R = 900 km, 
gaz iG: 
JjanHas cxema Oblla 3anporpaMMHpoBaHa HaMH Wis BOCM-2. Bein cye- 
JIaHbl HECKOJIbKO 24-yacoBbIx NporHosos mpH 6¢ = 30 muu., Ax = Ay = 300 x. 
B 3aksoueHve BbIparKalo riy6oKyl0 NpH3HaTeIbHOCTS yI.-Kopp. AH CCCP 
VW. A. KuGento 3a BHHMaHHe, MpoABNeHHOe K Moe pa6oTe. 


MuctntyT NpHkKiaqHolH reopH3snkH Tlocrynusio 
AkaylemMHH Hayk CCCP 26 X 1960 


HWHMTHPOBAHHAA JIMNTEPATYPA 


1Y. A. Ku6Geas, JAH, 118, No 4(1958). *? HW. A. Kn6Oens, JAH, 132, No & 
(1960). % A. Eliassen, Sci. Rep., Ne 4, Univ. Calif. (Los Angeles) (1956). 


Aoxuayo Aragemun nwayrx CCCP 
1964. Tom 137, Ni 1 


TPEO@®H3SHKA 


lM. A. WYMCKHH 


ABYDKEHHE JIEMHHKOB 
([pedcmasaeno axademuxom JI. H. Illepbaxoesim 27 VII 1960) 


_ JipwxKeHve seqHUKOB, OTIHYaIOULee MX OT BCeX OCTAJIbHBIX CKOMNJeHHH JIbda, 
syuaetca c 18 Beka. B HacTostee BpeMHx B OOWIMX YePTAaX BbIACHEHbI KHHeMa- 
ika J.BHKeHHA MW (*busHyueCKad CYIIHOCTL JlexKAallMX B eFO OCHOBe MpoleccoB 
SpOpMUpoOBaHHA wba (1, *). OqHaKo JO CHX NOP HeT YAOBACTBOPHTeIbHOM H- 
aMHUeCKOH TeOPHH ABWKEHUA, KOTOPas NO3BOJAa Obl aHANHTHYeCKH MOWy- 
aTb HOCTATOYHO TOUHY1IO XapakTepHCTHKY ABMKeHHA H3 PUSHKO-MexXaHHYeCKHXx 
30HCTB JIbfla HW JeHCTBYIOINIHX Ha Hero CH. 

_ B oTHomenHu peonoruyeckHx CBONICTB se, OITOe BpeMA CUHTAJICA BASKHM 
310M (HbIOTOHOBCKOM 2KHKOCTbIO C KOS@pHIUHeEHTOM BASKOCTH 1 ~ 10'4 nyas 
)). Satem Obiia cChenaHa MOMbITKa pelwluTh 3aayy O JBYXKeCHHH JeHHKOB, 
acCMaTpHBaA Je KaK TesIO MwlacTH4Yeckoe (CeH-BeEHAHOBCKOe TeJIO C Mpesevib- 
SIM HalpsxKeHHem cyBura | kT cm~* (4, °)), moka, HakOHell, He Oblla ycTaHOB- 
®Ha CTeMeHHaA 3aBHCHMOCTb M@XKILy HallpsAxKeHHeEM H CKOPOCTbIO JedopMallnn 
baa (°). Dty 3aBHcHMOCTb MOXKHO IIpesCTaBUTb B BUe 


a y T; n 
ee | (1) 


le T; —MHTCHCHBHOCTb KaCaTeJIbHbIX HallpsAxKeHH; Y; — MHTCHCHBHOCTE Jle- 
OpmMaunu; 9 — Temnepatypa mba, a Mapamertpbl 7 u Rk, cy M0 MMeIONLHMCA 
QHHBIM MHOFOUHCJIeCHHEIX JIaGopaTOPHbIX SKCNe€PHMeHTOB HM H3MepeHH CKO- 
DCTH JewopMHpoBaHHA TYHHeJel H CKBaxKHH B JIeMHHKax, B CpeHeM HMEIOT 
fayenua: n = 3, k = 3,1 «KT cm~ rog’ rpaq~‘. 

BBuly COXKHOCTH 3aayH BO BCe AHHAMHYeCKHe TeEOpHH MpHXOMHTCA BBO- 
4Tb pA yMpomaomux HayasbHbIx ycoBuli. IIpexye Bcero, paccMaTpHBaloT 
WIbKO CTallMOHapHoe ABWxKeHHe H BOOOUIe MpeHeOperawT yCKOPeHHAMH H CH- 
aM WHepMH, 4TO BlOHe JOMycTHMO pH HaONOAlOWHXCA B JIeMHHKaX HHU- 
DKHEIX CKOpOcTAX ABHxKeHHA. Jlanee, yKe MeHee OOOCHOBAHO, MpHXOUTCA 
PeHeOperaTh TakxKe yMpyrocTbio, CKHMaeMOCTbIO HM aHH3OTpPONHel Jbla. 
TO NOSBOAeT JONycKaTb Napa/JeNbHOCTh HallpaBJeHHH PiaBHbIX HalpsAxKeHUH 
25M JesopMallMit H MpOMopWHOHaNbHOCTb KOMMOHeHTOB eBHaTopa HaMpsKe- 
MH KOMMOHeEHTAM CKOpocTH fedopMalluH. 

_ Ognako U 9TH YMpPOUeHHA He JaloT BOSMOXHOCTH HH OMPeleAHTb CJIOKHOE 
@NpsAKeHHOe COCTOAHAR JIbla B JIe{HHKe, HM HHTerpHpoBaTb cucTemy Audppe- 
PHIMAaIbHbIX YPaBHeHHii JBYXKeHHA, B OOULEM BUe YYHTbIBAIOULUX COKHOe 
anpspKeHHoe coctosHne. Ilostomy pemenus (’, °, °) aHbl (HJM, BO BCAKOM Culy- 
ae, CpaBeAHBbI) TOMbKO JIA JaMMHAapHOrO TeyeHHA (4YHCTOrO CABHra), Tak 
ak He YUHTbIBAIOT HOPMAJIbHBIX HalpsXKeHHH WU BbISbIBAeMBIX HMH JlecsbopMa- 
wai*. Mexyy Tem HaGOseHUA MOKAa3bIBAaIOT, YTO STOT MOCERHHH BU Wedopma- 


|* EMHcTBeHHEIM HCKJIOUCHHeM ABJIAeCTCA CTpOroe pelleHHe JIA pacnpeseseHHA CKOpOCTH 
|BEpTHKaIbHOM Mipoduse JeqHHKa IpH HaIMUHH, HapsApy C MapavebHbIM JOKY CABHTOM, TaK- 
€ OAHOOCHON MpoAObHO AesbopmaunH (°). Ho sTO pemleHhe npeAnoaraeT CKOpOCTb Ha MOBepxX- 

TH H3BeECTHOM, PpaWeHT ee H3MCHCHHA B HalpaBJeHHH ABH2KCHHA H3BECTHBIM H MOCTOAHHBIM, 
(NpogoubHyto AepopMaliHio MOCKOLi, YTO CHbHO OrPaHH4HBacT BOSMOXKHOCTh NPHMCHEHHA WaH- 
oro pelmenHus. 


, "9 
$ 


uni HPpaeT BaxKHYIO, a 3a4aCTyIO TaBHYIO POJb B ABHXKEHHM JleHUKOB, 
ucksIO4eHHe ero BeeT K TOMY, YTO CYyMeCTBYIOWMe WHHAMHYeCKHe TeEOPHH [BH 
*%KCHHA B OOJbUIHHCTBe CJly¥aeB JaloT COBePLIeCHHO HeYOBJIeTBOPHTeJIbHEL 
pe3yuIbTaTHl. 

Ilostomy aBTOp BMeCTO Toro, 4TOObI OTOPaCbIBaTb HOPMAaJIbHbIe HalpsAxKe 
HUA HM JecdopMallMH, B KayecTBe NepBoro NpHOMMKeHHA NpelNoKU peuleHH 
3alauH O JBHXKeHHM JIGMHHKOB, OCHOBaHHOe Ha JLONYUIeEHHH He3aBHCHMOCT 
HOPMAJIbHBIX H KaCaTeJIbHbIX HalpsAxKeHHH. Takoe JonyuleHve Mo3BouAeT pac 
CMATPHBaTb OTJ@/IbHO HalpsAKEHHO-ePOpMaTUBHble COCTOAHHA PaCcTAKeHHA 


exaust [o1, 02, os], [é1, €2, és] m uucroro cupura [+ t, 0, =], [+ ¥/27,0, 4/7] 
OCH KOTOPbIX MapaJVJIeIbHbI HM MepmeHAMKYJApHbI JIeHHKOBOMY JIO*Ky. 
Ilpumem mpaBylo IpAMOyro/bHYy10 CHCTeMy KOOPAHHAT C HayaJiOM B Haya 
JieMHUKa (HIM Ha MOBEpXHOCTH B IeHTpe MeQHAKOBOFO WHTAa), C HaNpaBsIeHHO 
10 JIMHHH JBYOKeHHA TOPH3OHTAaIbHOM OCbIO X HM HaMpaBJeHHOH BHH3 OCbIO Z 
Beem o603Ha4¥eHHA: Zn MH 2, — AMMMMKATbI NMOBepXHOCTH HM JIOKa JieqHHKa 
Z = Zn — 2n — TOMUMMHA NeqHNKAa; C = Z — 2, — rulyOuHa Mok MoBepxXHOCTbhK 
jleqtHuKa;*a HB — unay HakJIOHa MOBepXHOCTH HM JOKA MeMHUKa K OCH X; 
9 — IWIOTHOCTh JIbka; Y — yCKOPeHHe CHJIbI TAXHKECTH; U, V, W — COCTABAIONLe 
CKOpOCTH JBY>KeHHA TOUKH B HallpaBJIeHHAX KOOPAMHATHDIX Ocelt, 
ib ceciaoaiies cHayaia msocKoH s3afayeih (062 = 0, = 1/2[01 + 0s], 


fe = 8 y= 0, v = 0). CocraBasioulad px CHubl SeMeHTapHoro CTOVIOA, Jbl 
pasMepamu dx dy Z B HampaBJIeHHH x paBHa 


at iene 
= pg dx dy Z cos? 8 (tga +Z co e).  @ 
TopH30HTabHad CocTaBIAIONLad Tzx (Zn) MapasienbHoro O*Ky KacaTebHOrC 
HalpAXKeHHA y JlO%Ka, PaBHAA HANpAKeHHIO CHJIbI BHELIHeEFO TpeHHA, BbIPasHT: 
CAH TaK: 


Tzx(Zn) = pg Z cos? Bf, (3) 


rye f — KooPullHeHT TpeHHA JeqHHKa oO 0%Ke. B BepTHKaJIbHOM CeyeHHH Je], 
HHKa KaCaTeJIbHOe HallpsxKCHHE MEHACTCA MpPOMOPUMOHAaJIbHO TyOHHe MOL M0: 
BepxHoctbio C. [lockobky Haw¥amo eqHHKa 3aKpemeHO, TO TOpH3OHTaJIbHas 
cocTaBJisioulaA oO, = 4/2 (oy, — oz) cpelHero JeBuaTOpa HOpMaJIbHOrO HanpsaAxKe 
HHA MO OCH X B JaHHOM MoMepeuHOM CeyeHHH JIeHHKa X paBHa MOJIOBHHe H3ObIT 
Ka CHJIbI HWKeexKallei “aCTH JI@(HHKa Hal CHJIOM BHeLIHeErO TpeHHA, OTHECeH 
Horo K eHHHe Moulaqw Molepeynoro ceyeHHA: . 


pe 


L 
Gx(X) =—Z-\ pg Z costB (tga +Z costs tg B — f)dx, (4 


rae / — aOcuncca Kona seqHuka u Z, a, B Mf — pyHKUMH x. 
Ec mpeve6pedb pa3JIM4HAMH B.TeMMepatype Jibda, To u3 (1), (3) u (4 
MOJY4HM CJleLyloulve 3HaYeHHA CKOpocTel edopmalun: 


iE OQ== — (2 & cost 8 ae (5 
Bt) phe eS 


cee —fldxl, 6 


O--t 


re 8 — cpequaa TemnmepatTypa JeqHHKa. 

Topu3ontaibHad cocTaBsAaoulad w(x) cpeqHeH CKOpocTH JBYMxKeHHA aH 
HOO BepTHKaJIbHOrO CeYeHHA JIGMHHKa X paBHa CYMMe FOPH3O0HTAJIbHBIX COCTAB 
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AMOWMX AOCOMOTHEIX CKOpocTeli éxdx MpOLOAbHIX pacTsAKeHHit H COKATHH, HC- 
MIBITHIBAeMBIX JIbMOM Ha BC€M MPOTHA*KeHHH OT Hauasla JIeqHHKa JO TOUKM X: 
: x 


u (x) =| by (x) ax: (7) 


0 


a... 


OTKsIOHeHAA CKOpoOcTelt ABHXKEHUA Ha pasHoOi ryOuHe oT cpeqnel CKOpocTu 
OOYCOBJIEHLI PasJIMYMAMM B CKOPOCTAX JIAMMHAPHOPO TeYCHHA Upaw (2), ABJIAIO- 
UjerocH KOMIMOHEHTOH CJIOKHOTO ABHXKEHHA JIeHHKAa: 


2n 
/ ee ee 3 = 1 2 pg eee 
Unam (2) = \ Yex (2) dz n+19—1 ( k cos? Bf) (Ze+1 — Co). (8) 
rs 
Cpequaa CKOPOCTb hao JIAaMHHAPHOrO TeYeCHHA paBHa: 
21 
aa AG x , 1 2 pg sy Ni 
- | Usam = Z| Unam (z) dz = noe eats: cOs* Bf) Zr, (9) 
0 


CkopocTb Ury (X) CKOJIbXKCHHA JIELHUKA 110 OXY, KOTOPylo mpexKHHe TeopHH 
“HEOCHOBATEIBHO MpPUpaBHUBaIM HyJO, HIM OCTAaBAAIM He yUTeHHOH, onpe- 
AesAeTcA KaK Pa3SHOCTb CpeHeH CKOPOCTH IBMAKeHUA NaHHOrO ceyeHHA JeL- 
‘HUKa HM ee JJAMHHAPHOM KOMIOHEHTHI: 


\ 


rs = Fees | Ls ui 2 p TN 
tra (2) = (x) — tinan (x) = u(x) + —— =— (8 cos*# Z+1, (10) 
n+29—1\f 
Bo MHOrHx Ciy4aAx CKOPOCTb CKOJIbwKeHHA MO NO*KY RocTuraeT 50—100% 
oOmei CKOpOcTH J BHxKeHHA NeqHuKa. V3 (8) uw (10) ropH30HTaibHasa CocTaB.IAI0- 
‘Maa BCeH CKOPOCTH JBYXKeHHA JIeHUKa Ha rryOuHe C Mo MOBepXHOCThIO paBHa 


» 


aa: (®£-cos# pf)" zeex — gee) (11) 


eae) — 4 (+) m+41 §@—1\k ae 


_ TopH30nTaJIbHble H BePTHKaJIbHbIe CKOPOCTH edopMalluH Mba Ha 060K 
Tu1yOuHe Nox noBepXxHocTbIO onpesessmiotca u3 (11) nyTem AuddepenunpoBaHua 
TOPH30HTAIbHOH CKOpOCTH JBMXxKeHHA NO Xx: 

- 


. (me . ean ; 2 pg \n 4 i c 
eo ive—=— es (x, 2) = 2.4 | : cos? BF ] Dewees —e x 


Of /Ox 
i 


x (tga — tg 8) — —" ( : Znva — Eats) ( — 2 cos* 8 tgp 2 *)|. (12) 


n+2 

BeptukasbHad CocTaBJIAIOULad W (Xx, Z) CKOPOCTH JBH2KeEHHA JIEMHUKAa B TOU- 

ke (x, Z) MpelcTaBiseT coOoH areOpanyecky!0 CyMMY BepTHKaJIbHOM CKOpocTH 

TlepemellleHUA Mp ABHKeHHH MapasesbHO JO%KYy 3a CYeT HaKJIOHA MoceLHero 

MHTerpada CKOPOCTH BepTHKaJIbHOM AecsopMallHuH Mba OT JaHHOM TOYKH JO 
Joka *: 


2i 


w (x, 2) = u(x, 2 tgB — \ é, (x, 2) dz = u(x, 2) tg8 + &(Z—O)— 


z 


wie, pg i ee eal, n-- een i 4 A 
eee 8) {lorena aecees ( rea Bk 


it) n : Of /Ox at 
1 (tee — te 8) — rye yb (2 0) (MF —2 costs te SS) 
oS (13) 


* JleiicTBHTeIbHaA CKOPOCTh BepTHKAIbHOFO JBH2KCHHA OTMMUACTCA OT OMHCHIBAeMO! ypaB- 
(HeHvem (13) BcueqcTBHe yIWIOTHeHHA Jha C ry6uHol. O meTogze yyetTa sToro chaKtopa co. (1°). 
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Ilytem 2uddepeniiuposanua (6) nomysaem ypapHenne 
g cos? B (tga + Z cos? 8 tao ee 


Loa 7h__1\¥/2 pon (tg a — te B 
(G1 he (#2 


4 
sate (14) 
nN 
ey 
CBASbIBaIOMLee Me*KLY COOOH (PUSHKO-MeXaHH4eCKHe CBOHCTBA JIba, HapAxKeHHe 
CHJIbl THXKECTH, TOJMIMHY, POPpMy, CKOpocTb JepopmMaluHn Hu KosdduuMeHT Tpe- 
HUA Jie@,HHKa O JIOKe B JAaHHOM BepTHKaJIbHOM CeyeHHH. Ec eqHUK HaXOJHUT- 


CA B CTaAILNOHAPHOM COCTOAHHH, TO HMeeT MECTO PpaBeHCTBO 
x 

oZu = \ (x) dx, (15) 
0 


rye @ — Cabo Oaslanca MaCccbI Ha BepXHeli M HHKHel TpanHwax 3/leMeHTapHOrO 
cro6a bya. M3 (14) w (15) nonyaaem yuddepeHunamtbHoe ypaBHeHHe cTallHo- 
HapHoro JieqHHKa: . 


og cos? 8 (ig « + Z cos* B tga EP _ f) a 


Nas jn ih 1/n 
=—_ 0-1)" ka, [4 + (tga — tgp) |x 
© tgo—a (“E— oe) 
E 8 : Ox Ox pinay (16) 
a/p + wu (tg a — tg B) Z 


re e = — Oa/dz —«aHeprus ovefeHeHusA» (14), 
B HeCTallHOHapHOM COCTOAHHH CKOPOCTb H3MeHEHHA TOJIULMHbI H BICOTHI MO- 
BePXHOCTH JlelHHKa, corsiacHo (15), cocTaBssaeT 


daZ dz, a = as . 
7 er ee | u(tg a — tg B) — eZ, (17) 


a CKOpOCTb H3Me€HeCHHA YyrJla HaKJIOHA MOBeEpXHOCTH 


dtga 
dt 


er at at | 
=f tga +Z55— 2, (tga — tgp) — u(“E* — ee). (18) 


IIpuBeqeHHble COOTHOWIeHHA falOT BO3MOXKHOCTb aHaJIH3HPOBaTb B3aHMO- 
CBA3H MeKAY AHHAMHYeCCKHMH XapakTepHCTHKaMH, MopcboworHveli, KMMaTHue- | 
CKHMH YCJIOBHAMH M HHTeCHCHBHOCTbIO TeOJIOrHYeCKOM MEATeJIbHOCTH JIEMHHKOB, 
a TakKKe OMpeeIATb HallpaBJIeHHe HM CKOPOCTb HX SBOJIOWHE. 

[Ip HeKOTOPHIX JONOJHHTEIbHEIX JONYULCHHAX WaHO TakxKe mpHOIM2KeHHOe 
peleHve IpoOcTpaHCTBeHHOH 3ajlauH, OTJIMYaIOIeecH 3HAUMTebHO OompUeH 
CJIOXKHOCTHIO. 


Tloctynuio 
26 VII 1960 
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; WTorsxangp Akagemun nayr CCCP 
1961. Tom 137, Ni 1 


XHMHSA 
K. K. BEHTEP u akxanemuxk AH JlarsCCP C. A. THJIWJIEP 


HAUTPOBAHHE HEKOTOPDIX a, 8-HEHACbIL[EHHbIX AJIbAETHOB 
MH KETOHOB ®YPAHOBOPO PSA 


B Hallux NpeAbIYULUX COOOMLeHHAX ObWIH H3JIOX*KEHbI pesy/IbTAaTHI UCc/eL0- 
BaHHA peakUMli KOHJeHcalluu 5-HuTpodypdypoua c alleTabyerugom (+) wu HUT- 
poBaHHe MoHOdypdypuiujenatetoua (1) (*). 

Bropol yka3aHHblii coco6 noyyeHHA HUTpOdypaHoB OGvlafaeT pAOM mpe- 
MMYINeCTB Tepe, METOXOM KOHJeHcalluH 5-HuTpodypdyposa u ero TIPOHSBONHBIX 
€ KapOoHMuIcoxepxaliuMu coeqHHeHHAMH. IlosTomy onpeqeneHHbIli MHTepec 
MpeCTaBJIAeT HCCJIEOBaTh BO3MOXKHOCTb CHHTe3a 3aMeIIeCHHbIX 4 ,B-HeHacbl- 
(CHHBIX aJIbJlerHOB HM KeTOHOB 5- “HUTpOdypanoBoro paqa NyTeM HHTPpOBaHHA 
COOTBETCTBYIOMIMX CbypaHOBbIx coe HHeHMH. 
| Hecmorps Ha OTJe/IbHbIe MOMbITKH OCYILECTBUTb TaKkOli IlyYTb CHHTe3a, OH JO 
MlocJieqHero BpeMeHH He yBeHYavica ycrexom. Tax, Cacaknu (?) coo6mujaeT 0 6€3- 
YCnelwHbIX OMbITaX HUTpOBaHHsA 3 -(cpypHu-2)-akpovlenHa (11) wu Monodypdypuu- 
WeHauetona (1), a Calikaxu c corp. (*) mowyaHs mpH NONMbITKe HATPOBaHHA 
&-MeTH1-8-(pypH-2)-akpovienHa (II]) aleTHHHTpaTOM JIMUIb CMOJINCTEIe Mpo- 
TYKTbI YNJIOTHCHHA HCXOMHbIX BelLlecTB. 

» Ham yyasocb ycnewiHo OCyUleCTBHTb HHTpoBaHHe -(tbypuu-2)-akpomenna 
‘II) WM HeKOTOpbIX ero a-aKkuw-(II1—VI) u a- aJIKOKCHMTHJIIIpOH3BONHEIX (VII 
a VIII) (cm. Ta6a. 1) c mpuHMeHeHveM OTIHYHBIX OT HCMOJIb3OBAHHBIX MIpebiLy- 
MMM aBTOpaMH yCJIOBHit ot Sebati KOTOpPbIe CBOAATCA, pa aie K IIpo- 


& TIpHuOaBJeHHIO MavJIbIX 06aB0K | KOHILCHTPpHPOBaHHOH CepHori KUCOTHI B Ka- 
fecTBe KaTamusatopa. IIpucyrersue H,SO,, no-BuyMMOMy, HaCTObKO MOBBI- 


[MaeT KOHICHTPalluio H CKOpocTh OOpa30BaHHA HOHOB HuTpoHUA (NO;) B pac- 

mBope ykcycHoro aHrMypuya (°-*), uTO peakIMA HUTPOBAHHA MpeBaupyeT 

fa, MOOOUHbIMM peakIHAMH. 

| B tax. 1 noKasaHbl BEIXOLbI HM CBOICTBa CHHTe3HpOBaHHbIX YKa3aHHBIM I1y- 

"eM a, A-HeHACHINICHHBIX aJIbJerHoB HHTpopypaHoBoro payga (X—XXIII). 
TIlpeqnomaraemblii MexXaHH3M peaKUMH HHTPOBaHHA a,B-HeHAaCbIIeHHBIX aJIb- 

{erHoB dypaHoBoro pAya NoKa3aH B Cvlesylouleli Cxeme: 


U) CH=CRCHO 


HSO4|(CH3CO)20 
[ " \CH=CRCH(OCOCH,), 
w NO} +CH,COO™ 
apx 0 go -5° .apH -25 ao -30° 
on \_.2 4 ; Axe - 
HCRCH(OCOCH3),| CH3;COO [O.N ® Y)CH=CR CH(OCOCH3),| CH,COO 
1@) 
| Be 
H +H,0 
Qoaumepm 


+ 
[onl 2 Scr=crcn(ocochy)] OH” 
R=H} CHy; CyHs; 430 -CyHy; CsHy; 0 
CH,OCH,; CH,OC,Hy # ap. H [0 


ae 5 \cH=cRcHococH, 


hs 83 


‘ 


*°HO) DOOA 
*HNOOHNN=HOA 


*HNOOHNN=HOA 


OHOA 


NO"HOOOHNN=HOA 


*“HNOOHNN=HOA 


7HNOOHNN=HOA 
OHOA 
®("HOOOO) HOA 


74]NOOHNN=OOA 
OHOA 
%(®H90000) HOA 


*HNOOHNN=HOA 
OHOA 
*(*HOO00) HOA 
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DHHOHHYeOD VOHYOXIY 


eS 


TlepBonauabHbIM S/IeMeHTapHBbIM aKTOM, OYeBHAHO, ABJIAeTCH OOpasoBaHHe 
OKCOHHeBOrO KaTHOHa B, cyulecTByloulero B pacTBOpe yKCycHOro aHrMspHsa. 
IIpH BbIMBaHuM peakIWMOHHOM CMecH Mocwle OKOHYaHHA HUTPOBaHHA B JeqsA- 
HylO BOy clepBa BbilaqaeT MacOOOpasHblii MpOM@XKYTOUHIM MpOLyKT, KOTO- 
Pbli Mp JanbHeliwiem MepeMewmMBaHHH C BOLO MpeBpaliaeTcA B KOHeYHBIM 
TBepblii HATPOMpoyKt. 

Kak H3BeCTHO, B COrmacHH c BO33peHHem pepa u JKoucona (1°), Kaaycou- 
Koca u ®axctopma (") w Apyrux (?, 1°) anaslorvuHbIM MpOMexKYTOYHBIM IpOLyK- 
TaM, OOpPa3yIiOuL4MCA IIPH HHTPOBAaHHH allHo*oOuLIx *PypaHosB, MpHMucHIBaeTCA 
CTpykTypa 2-alleroKcH-5-HUTpo-2,5-yurugzpodypanoB (A). Tipu BoszeiicTBun 
HLeOFHbIX areHTOB MOCJeLHM JerKO OTIULeMIAeT yKCyCHy!0 KuCJIOTY. OgHakO 
‘Takoe cTpoeHve (A) He B COCTOAHHM OObACHHTH HaGwuOaeMytO B HaleM cyuae 
JlePKOCTb MpeBpalleHHA Tak Ha3bIBAaeMOFO KMPOMEXKYTOYHOTOY B KOHCYHbIM HUT- 
POMPOAYKT OMHAM TOKO BO3elicTBHeM BOJEI. 

_ Ip HuTpoBaHHu ynomsHyTHIxX B TAG. 1 a,3-HeHACbIeHHbIX aJberHOB 
II—VIII] ctpyxtypa o6pa3yromuxca Macioo6pasHbixX MpOMexKYTOUHEIX TIpo- 
AYKTOB, MO0-BHJMMOMy, Jlyulie OTBeyaeT CTPOeHHIO OKCOHHeBOTO CcoelHHeHHA 
B*CH,COO- BnpuBeleHHol cxeme. TakuM O6pasoM, B aHHOM cJlyyae yaeTcA 
elle pa3 MOKa3aTb Haye MaJIOCTAOHJIbHbIX MIPOMeXKYTOUHbIX OKCOHHEBBIX 


Taouer an 2 


] 


N, % 
CoeyqnHenue * Ty TEs. 
Hanz. BbIW. 
(RCH=C(CH,)CH=NNHCU—C,H,N ** (XXV) 236—7 (pasa.) 19,02 18,66 
‘RCH=C(CH,)CH=NNHCOCH,CN (XXVI) 243—4 (pasut.) 24,54 21,37 
'RCH=C(CH,)CH=NZ (XXVII) 244—6 (pasat.) 15,55 15,84 
(RCH=C(C,H,)CH=NNHCOCH,CN (XXVIII) 219 (pasa) 20,40 20, 28 
(RCH=C(C,H,)CH=NZ (XXIX) 220—221 (pasa.) 15,04 15,05 
(\RCH=C(u30-C,H;)CH=NNHCSNH, (XXX) 185—4 (pas3a.) 19,66 19,85 
(RCH=C(us0-C,H;)CH=NNHCOCH,CN (XXX1) 185—6 (pasut.) 18,94 19,30 
(RCH=C(us0-C,H,;)CH=NX (XXXII) 229—230 (pasut.) 18,29 18,29 
RCH=C(C,Hy)CH=NNH—@__Y—NOz (XXXIII) 159—160 16,84 16,78 
3 | 
} NO, 
RCH=C(CH,OCH,)CH=NNHCSNH, (XXXIV) 186 (passt.) 49,66 49,74 
(RCH=C(CH,OCH,)CH=NNHCO —C,H,N ** (XXXV) 4190 (paswt.) 17,18 16,96 
RCH=C(CH,OCH,)CH=NNHCOCH,CN (XXXVI) 488 (pasut.) 48,89 49,47 
(RCH=C(CH,OCH;)CH=NOH (XXXVI) 439—140 42,48 12,39 
f@CH=C(CH,OCH;)CH=NX (XXXVIIT) pasa. >250 17,90 18,18 
RCH=C(CH,0CH;)CH=NZ (XXXIX) 175—T7 (pasv.) 14,29 14,24 
\RCH=C(CH,0C,H,)CH=NNHCOCH,CN (XL) 192—4 (paavt.) 18,33 18,30 
(RCH=C(CH,OC,H;)CH=NX (XLI) 232—5 (pasa) 47,14 17,39 
(RCH=C(CH,OC,H,)CH=NZ (XLII) 176—7 (pasa) 13,50 413,59 
(RCH=CHC(CH,)=NNHCSNH, (XLIII) 240 (paga.) 22,20 22,04 
'RCH=CHC(CH,)=NNHCOCH,CN (XLIV) 225 (paam.) 21,53 21,37 
RCH=CHC(CH,)=NOH (XLV) 175—7 (pas..) 14,43 14,28 
(RCH=CHC(CH;)=NNHCO—C,H,N ** (XLVI) 225 (paau.) 18,74 18,66 
(RCH=CHC(CH;)=NNHCOR ** (XLVII) 235—6 (pas.1.) 16,62 16,77 
ee NCO t cH CH= cer (XLVI) 245—7 (pasut.) 44,75 44,42 
(RCH=CHC(CH,)=N—N=C(CH;)CH=CHR (XLIX) 188—9 15,65 15,64 
|RCH=CHC(CH,)=NN(CH,CH,OH)COCONH, (L) 181—5 (paswt.) 18,15 18,06 
RCH=CHC(CH,)=NNH—@ S-NO. (LI) 257 (pa3ut.) 19,06 19,38 
| 
a | NO, 
 Hidetiles 9 
yi —N—CH, a ae 
at [aE 
* R=O,NC Nee X=OC oe ode AE ye 
O SS 
i NH CH, 
_ ** C.HyN-nupuana-4 
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COe{HHeHHH pH HHTPOBaHHH allMoPOOubIx (ypaHOB, O BO3MO2KHOM CyIeCTBO- 
BaHHH KOTOPbIX OMHHM H3 HaC PaHee ObIH BbICKa3aHbI HEKOTOPbIe Mpeqou1o0 
yeHHa (°, ® 

B gakul04ueHHe Cue yeT OTMETHTb, YTO OCYLLCCTBUTbh YKa3aHHbIM IlyTeM Tako 
7%Ke yciellHoe HATpOBaHHe aJibleruoB MH KeTOHOB (bypaHoBoro paAya, cosep 
7KallHX Be HW Gowee COMPAXKeHHBIX JBOHHbIX CBA3ei B OOKOBOH Wenn, Hanpu 
Mep, 5-(bypua-2)-nentaqueH-2,4-ana-1; —-1-(bypu1-2-)-rexcayuen-1,3-ona-5; 
1,5-6uc-(bypua-2)-nentaquen-1,4-ona-3 Hu 1,9-6nc-(bypuu-2)-HoHaTeTpaen-l, 
3,6,8-oHa-5 He ylaJl0cb. 

3aTO CpaBHHTeIbHO riaqkO mpoTeKaeT HHTpoBaHHe 4,4-quMeTuI-1-(bypHua- 
2)-nentTeH-l-oHa-3, ¥TO OCYHeCTBJIeHO HaMH BrlepBble (cM. TaOw. 1, IX). 

B ta6a. 2 mpHBoxaTca cBe,eHHA O CHHTe3HPOBaHHbIX MHOFOYHCJICHHbIX 
IIPOH3BONHbIX a, %-HeHACHILIEHHbIX HHTPOPypaHOBbIX aJIberHOB HM KeTOHOB I 
KapOoHHJIbHOH rpynne (XXV —LI). 

AnTuOakTepHaJbHble, IIPOTHBOTYOepKyve3Hble H bynrucraTuueckHe ¢ CBOH - 
CTBa 9THX COeEMMHEHHH OyAyT NoApoOHee ONHCAaHbI B OAHOM H3 Cue yIOULHX Cood 
WeHHit. 


QIKcNepHMeHTANbBHAA ta Cee 


. HutpoBaHiue a, BPHeHACHIMCHHBX ANbBMLETULOB (cM. 
Ta6u. 1). K HuTpyroulel cmMecu, MpHroTroB/leHHOH H3 266 r yKcycHoro aHrHpuya, 
9,4 rounleHHOH as0THOH KuCcvIOTHI('*) (ya.Bec 1,51) 10,5 r cepHor KHCJOTHI (YI. Be 
1,84), npuOaBaH No KamwisAM pH NepemMelMBaHHH B TeyeHHe Yaca pH —30° pac 
TBop 0,1 moma (pypuu-2)-ankenana II—VIII B 40 ma yxkcycHoro anruspuya. 
Tloce 3TOrO MpOAYKT HHTPOBaHHA BbIeAIM BbIIMBaHHeM PeakKI[MOHHOH CMec 
B 500 r apya c 500 Ma BosbI H MepeMemIHBaHHeM B Teyenue 3—4 yac. KoneyHbl 
KpucTasmMyeckve WHalleTaTbl a,3-HeHACbINICHHbIX O-HATPOpypH.1-2-aKeHao 
X, XIII u XVI ounmanch NepekpuctaliMsalluei U3 CIMpTa WH TeTparuypo 
(ypana. IIpespaujenue QuaueratoB X, XIII u XVI B coorBeTcTBywuHe ab 
nerugpr XI, XIV u XVII ocyuyecrBseHo HarpeBaHuem c 20% H,SO, npu 90 
95° B Teyenve 10 MuH. 

iIpH HHTpOBaHHH a,8-HeHAaCbILLeHHbIX (PypaHOBbIX aJIberHOB V—VIII 
COOTBETCTBYIONLHE KOHEYHbI€ HUTPOMPOAYKTH He YalOCb BbIeIHTb B Bue 
KpHcTaMuecKHX coequHeHui. Tugpouu30m sTux BemjectB 20% H,SO, npu 
90—95° B Teyenve 10 muH. B cayyae VII BblqeneH KpucTaMyueCcKHH asbleruy 

XXI, a QA Apyrux NowyyeHb! cooTBeTcTByloulve ruspasoub! XIX, XX, XXII 
u XXIII, crpoeHue KoTopbIxX O0Ka3aHO 3JIEMeHTAPHbIM aHaJIH3OM H olpeyeue- 
HHeM YJIbTpapHOeTOBbIX aOCOpOWMOHHbIX cnekTpoB. MakcumMyMbl aOcopOuHu 
MOCJI€QHHX MOJIHOCTbIO COBMaaioT C MAKCHMYMAMH aHaJIOrHYHbIX MpOHSBOAHbIX 
H3BeCTHBIX ,-HeHACBINLeHHBIX 5-HHTpopypW-2-atKeHaoB (°). 

HutpopaHwe 4,47 umetTua-1-(bypua-2)-neuteu- l- 
oH a -3 (XI) MpoBoxNocb NO MeTOANKe, ONMCaHHOH HaMH paHee IIpH HHTPO- 

BaHHH MOHOdypdypHuinpenalletoua (1) (7) | 


MucTHTyT opraHHueckoro CHHTe3a Tlocrymusio 
AxkaylemHH Hayk JlaTsCCP 6 XII 1960 
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Hoknaye Akanqemun unayr CCCP 
| 1961. Tom 137, N 1 


XHMH A 


Akanemuk A. A. TPHHBEPL u M. UH. TEJIb®MAH 


K BOMPOCY OB YCTOHYHBOCTH KOMMJIEKCHbIX 


COEQHHEHWM JBYXBAJIEHTHOH NMJIATHHbI 
COENHMHEHUA TETPAMHHOBOLO THITA 


-  CoeuHeHHA TeTpaMHHOBOrO THIIa, Cosepxallve B CBOEM COCTaBe KOMIMUJIeKC- 
_ HBT von [PtA.]?*, rae A—MouekyabI AaMMHaKa HIM AMMA, H3Y4eHbI LocTaTOuHO 
_ Xopouio. Bmecte c TeM cBeJeHHH O TePpMOJHHAMHYeCKO! YCTOMYMBOCTH 3THX 
" KOMIJI€KCHBIX HOHOB B JIMTepaType Het. 13 mpemapaTHBHbIX aHHbIX H3BeCTHO, 
TO MOJIEKYJIbI AMMHaKa, a TAK2Ke XKHPHbIX AMHHOB IO TeHeHILMH K KOMILJICKCO- 
_ o6pas0BaHHiO C HOHOM JByXBaJIeHTHOM MwlaTHHbI NpeBocxogxat Cl, Bru J. 
' Uvo KacaeTcA OTHOCHTeJIbHOH MpOUHOCTH KOMIJICEKCOB C AMMHaKOM H aMH- 
“HaMH, TO HeEKOTOPbI€ BbIBOLbI MOryT ObITb CeaHbl 3 JMTepaTypbl. Uatr u 
Tamaen (7), H3y4uan paBHOBecHaA THMAa 


x, Tpaue-[CyH4yH2,OPtCle] + A = rpauc-[C.HyAPtCle] + H20, 


‘HalliM, Yo Qua cnyaan A—NHs log K =7,8, a gna cayyaa A= 
-= CHsNHe log K = 8,6. Orctoga ciielyer, 4TO MOJIeKYJIbl MeTHJIaMHHa yyep- 
| XKMBAIOTCH BO BHYTPeHHeli ccbepe mpouHee, 4eM MOJIEKYJIbI AMMHAaKA. 
_  Visyy¥eHve KHCJIOTHBIX CBOHCTB KOMIMVJI€KCOB YeTbIPeXBaJICHTHOM TaTHHbI 
“C aMMHaKOM HM X%KHPHbIMH amMuHamu (7) MoKasaJi0, YTO KOHCTaHTa KHCJOTHOM 
JMccolMalwu BHOBb CHHTe3HpoBaHHoro uoHa [Pt (CHsNH2)4aNHsCl]*+ cocras- 
aseT Ki = 1,7-10-’, B To BpeMA KaK COOTBETCTBYIONLaA BeJIMYHHA JIA HOHA 
[Pt (NHs)sCl]®*+ npu Tex xe ycuoBuax paBHa 6,4-10-°. Tlostomy MoxKHO cyle- 
JlaTb BbIBOL, YTO MOJIeKyJIa MeTHJaMHHa, OyqyuH KOOPAHHMpoOBaHa BO BHYTPeH- 
Heli ccbepe Pt!Y, B Gombuteli cremeHu JecsbopMHpoBaHa, 4eM MOJIeKYyJIa aMMHaKa. 
Hactoamaa paOoTa mocBsAlleHa onpeseseHHio OOMINX KOHCTAHT HecTOHKOcTH 
-woHop [PtAa]?+, cogepxxamjHx BO BHYTpeHHell ccbepe MOJIeKYJIbI aMMHaKa, 
* MeTHJIaMuHa, STHJIaMMHa MU STHJIeHIMaMuHa. 


QKCNeEPHYMEHTANLHAA YWACTH 


Onpefesenve OOUIHX KOHCTaHT HECTOHKOCTH KOMIJI€KCHBIX TETPaMHHOB AByX- 
BaJICHTHOH TJIaTHHbI MpOH3BOLHJIOCb MOTeCHILMOMeTPpHYeCKHM MeTOJOM, IIpH- 
» M€HCHHBIM HaMM paHee JIA uccMeqoBaHuA muiaTHHUToB (*). IIpousBoyqusocb 
Mu3MepeHHe 9. 7. c. wWenet 


é Pt} [PtAg] Clo, A, KNOs || KCl, HgsCls | Hg 
Cy C, HACBILY 


_ TPH pa3IMYHbIX KOHIeHTpalluAX KOMIJICEKCOB HW ajeHOB. 

VisMepeHua BeJIMCb 0 OOBIMHOH KOMMeHCalMOHHOM CXeme C IOTeHILMOMeT- 
pom IIPTB-49 u crpenouobim rasbBaHoMeTpoM. Cocyjbi c uccJieq_yeMbIMH 
3JIEKTPOMaMH HM HACbINIeHHbIM KaJIOMeJIeBbIi 9JIEKTPO HaXOAMJIMCb B TepMocTaTe 
Tipu Temnepatype 18-+0,5. OneKTpoybl OblIM M3rOTOBJeHbI H3 MWaTHHOBOL 
*KecTH pa3Mepem 2010 MM? H MOKPbITb] 9JeCKTPOJMTHYeCKH MJaTHHOBOL 
-UePHbIO. 

IlpakTuyecKH H3MepeHHA OCYILECTBIAMCh CJleLyIOWluM OOpasom. B cne- 
_ UWHaJbHbIe COCyAbI BBOAMIHCh 10 Mil pacTBOpa aMMHaka HIM COOTBETCTBYIOMErO 
_ aMHHa ONpefeeHHOH KOHMeHTpalluy. B pactBop BHOCHJIaCb HaBeCKa KOMIIeKca 
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u, HakoHell, KNOs B KouMuecTBe, HEOOXOAMMOM JIA TlOepxKaHuA B pacTBope 
TOCTOAHHOH WOHHOH CHJIbI, paBHOH eqHHHIe. SaTeM B pacTBOp Norpyxavca 
9J1IEKTPO H COJeBOH MOCTHK, 3anouHeHHEIH 1N pacrsopom KNOs. Cocyy norpy- 
2KaJICA B TEPMOCTAT, H pacTBOp Hacblllayica as0TOM. M3mMepeHHA NpOusBOLMJNCb 
BO Bpe€MeHH C MOMeHTA paCTBOPeHHA COJIM JO yCTaHOBJIeHHA MpakTHyecKH 
MOCTOAHHOrO 3HaveHHA MOTeHUMala. 

Ucenelyemble BelleCTBa CHHTe3HpOBaJIHCb CJIeyIOWIHM OOpa3som. 

TeTpaMMuYHTaAatoxaopuy [Pt (NHs)a] Cle. U3 xnoponnatunuta 
KaJIMA Tovlyualacb cob Tleipone (*), MpH pacTBOpeHHH KOTOpPOH B U36bITKe 
aMMHaka HW MOCJeLyouleH KPHCTAJWIM3allHH BEILeAJICA HYKHbIM TeTpaMMHH. 
Jia cpaBHeHHA OMBbITbI NPOBOAWJIHCh TakxKe C TeTPaMMHHOM, MOJIYYeHHBIM TO 
metoly Tusabyenrepiieia (°) HenocpecTBeHHO H3 MaTHHUTA. 

TetTpamMeTHAaMHHOAaTOxaopug [Pt (CHsNHe)s] Cle. Ws 
XJIOPOMJATHHHTA KaJIMA CHHTeESHPOBaJINCh WHC-MHMOLOAMMeTHAMUHNWAaTHHAa, 
3aTeM IHC-MXJIOPOMMMeTHJaMHHMAaTHHAa (°), pH pacTBOpeHHH KoTOpoi B 
V30bITKe M€THJIAMHHA OblJI MOJIyYeH B pacTBope TeTpamMuH. PacTBop KOHILeHTpH- — 
poBaJicA JO CHponooOpasHoro COCTOAHHA, H Mp OXaxKeHHH BbILeIAIMCb 
KPHCTaJJIbI TETpaMeTHaMHHMaTOX Opa. 

TetpasTHaamMuUHnNaAaTOxaAopHyg [Pt(CeHsNH2)4] Cle. K pac- 
TBOPY XJIOPOMMATHHUTA LOOaBJIANOCb paCCUHTAHHOe KOJIM4eCTBO pacTBOpa 3THJI- 
amuHa. Ha Apyroi MeHb K paCTBOpy C BbINaBLIHM OCaXKOM IIpHMBaOcb eure 
Takoe %Ke KOJIMYeCTBO STHJaMHHa, OCaOK paCTBOPAJICA pH MOCTOAHHOM MO-, 
MeWWIMBaHHH Ha KHMsllel OaHe, pacCTBOp KOHIeEHTPHpoBasIcCA H Mocwe OXsaKe- 
HHA CMMPTOM BBbIeAJICA TeTpasTHMaMHHMIAaTOXJoOpHy (°). 

AvaeTHAeHAHAMHHNAATOXNOpAR [Pt(N HeC2HaN He)2ICle 
CHHTE3MpOBaJICA AaHaJIOTHYHO TeTpasTHJaMHMHNIATOXOpHAy. CocTaB BCex 4e- 
TbIPeX BelleCTB OblJl yCTAHOBJIGH XHMHYeCKUM aHaJIH30M. 

AmMMak HM @aMHHbI OYMLaIMCh TyTeM OTTOHKH. Bce pacTBOpbl TOTOBHJCb 
Ha ]\BaxkKbl NeperHaHHoH Boje. 

OKCNePMMeHTAJIbHbIe MAaHHbIe, MOJYYeHHbIe AIA yKa3aHHbIX TeTpaMHHOB, 
mpHBeleHbl B Tad. 1—4. 

His BeIMYMH 9JIEKTPOHIX NOTEHIMAIOB BHIYHCANaCh KOHILCHTPallMA HOHOB 
Pt?* (IIpHHHMaA HOpMaJIbHbIM NoTeHuHat Pt/Pt?*+ papHpm 1,2 B) u 3aTem 3Ha- 
YeHHA OOWLMX KOHCTaHT HeCTOHKOCTH TO dopmy.se: 


oe _ [Per [Als 
MS [Pta2*] 
c [Pt?*] [C2Hs (NH2)2]? 


~ [Pt (NH.CH.CH.NH)*"] 4 A = CaHy (NHp)p. 


AJA A= Nie CHANEL, CoH Nie: 


Ta6auua 1 


Onpefenenue KoHnCTaHTbI HecToliKkoctu [Pt(NHs)4]2* 


i= x — 
: Kong. Koau. NH B= Ep = 
E | [Pt(NH,)4]Cle, one ds Pica Ept, | _igipi+] | PKS 
4 MOWI/J1 Pees wi 
ps 
1 0,0029 0,92+10-1 2 250 32,8 34,5 
2 0, 0429 0,92-10-3 23 274 32,4 34,9 
3 0, 0024 4, 210-2 28 276 31,9 34,7 
4 0,0352 4, 2-40-2 46 294 31,3 35,4 
5 0,0077 4,2-10-8 124 372 28,6 36,0 
6 0, 0418 4,2-40-3 170 418 27,0 35,1 
7 0,0023 4,2-40-4 246 494 2h, 4 35,3 
8 0, 0085 6,9-10-4 240 488 24,6 35,2 
9 0,0356 6,9-10-4 227 475 25,0 36,2 
10 0,0054 1,2-40-5 403 654 18,9 35,5 
11 0,012 1,2-10-5 408 656 18,8 36,2 


Cpequee sHaueHHe pK©® =35,3 
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LJ Hapsyy c pacrBopamu cBo6o,HEIx ocHoBannil, npumeHsmucb 1 N pactBoppi 
ASOTHOKHCIO‘O AMMOHHA (B Culyuae [Pt (NHs)a] Cle) uw 1N pactBop comaHOKuc- 
TO MeTHlamMuHa (B ciyyae [Pt (CHsNHz)4] Cle). Konueutpauu NHs u 
NHe BErauenamuch, HCXOLA M3 KOHCTAaHT rHApouHM3sa cove HU JaHHbIx H3- 
penua pH B uccileqyembix pacrBopax. DkKcnepHMeHTa/IbHbIe WaHHEIe H pac- 
KOHCTAHT HECTONKOCTH JIA STUX pacTBOpoB mpuBezens B NeN? 10, 11 (ra6.1. 1) 
NeNe 8—10 (ra6x. 2). 


more waar 2 


OnpeneseHne KoHcTaHTbI HecTOiiKocTH [ Pt(CH3N Hg)4]?* 


ee et oe ee Ce eee oe, PS 
i=] 
rs Kou. | Koun. B= Ept —_ E 
g | [Pt(CH,NH2),]Cle, | CHj;NHe, | — Exay, Pt? | _1e[P#+} | pxe 
Si MOJI,/i MOw/a on MB. 
r MB | 
La ee eee ee 
\ 

} 4 0,002 4,45-10-2 —45 203 34,4 39,1 
A 2 0,0364 4,45-10-2 ed 207 34,2 40,1 
a 3 0, 0022 1,58-10-8 15 263 32,3 40,8 
| 4 0,0337 1,58-.10-% 66 3=6| «844 30,6 40,3 
i 5 0,0026 1,45-10-4 186 434 26,4 39,4 
| 6 0,0384 1,45-10-4 25 463 25,4 39,3 
| q 0,0294 41,45-10-8 989, 530 23,1 40,9 

8 0,0024 2,3 -40-¢ 348 596 20,8 | 40,5 
9 0,004 1,55-10-8 374 622 19,9 40,1 
| 10 0,0083 3,46-10-8 338 586 eae} 40,7 
| Cpeanee sHauenue pK© = 40,1 


| Ta6Osauna 3 


Onpeyenenne Koncrantb! necrofkoctu [Pt(C2H;NH2)s]2* 


5 

Sc Kouu. Kou. E=Epi— E 
| = | [Pt(CH,NH,),JCl,,| CHsNHe, | — Exan Pt | —IgfPt+] | pK° 
| 4 MOs/J MOM/JI aia k MB 

2 

. 

‘fe i 0,0019 3,8-10-2 —45 203 34,4 37,4 
r 2 0,0154 3/8-10-2 —19 229 33,5 37,3 
} 3 0,059 38-102 7 255 32,6 37,4 

| 4 0.0036 3,9-10-2 85 333 29,9 37,1 

| 5 0,0123 3,9.10-2 124 369 28,7 36,4 

| 6 0,.0608 3,9+-10-2 110 358 290 37,4 

| 7 0,.0054 3,9-10-4 922 470 25,2 36,6 

8 0.0036 319-10-8 332 580 24.4 36.6 
9 0.0216 3,9-40-5 340 588 2444 37,1 


Cpeynee sHauenne pK© = 87,0 


Ta6Oauna 4 


Onpeyenenue KoucTaHtTsI HecToikocru [Pt(NH2C,H4NH2)2]2+ 
owes. == ene 


i= 

5 Kout. Kony. |& = Ept— E 

s | (Pt(NH2C2H,NH,)2]Clo,|CoHa(NHe)2,| — Exan Pt | ig ipet] 

4 MOM/a MO./n1 ara MB & 
a 

1 0,003 1,11-410-2 —54 194 34,7 36,4 

2 0,0442 4,11-10-2 —22 226 33,6 36,2 

3 0,0025 1,14-10-3 —1 247 32,9 36,2 

4 0, 0547 1 ad-40-3 +9 257 32,0 37,4 

5 0,003 3,14-10-8 —A5 203 34,4 36,9 

6 0,0307 3,14-10-8 —25 223 soul 136,2 

7 0, 0035 1,0-10-4 71 319 30,4 36,0 

8 0, 0262 [are 0-t0=4 58 306 30,8 Sige 


Cpequee 3Hayenne pK© = 36,5 
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~ 


O6OcyXKLebNespes yi eTatoe 


Jlanuble, IpHBeseHHbIe B Tad. 1—4, nNoKa3bIBaloT, YTO TIpH H3MeHeHH. 
KOHU@HTpalWH KOMIMIeKCa, a TakxKe KOHI[eHTpallMH aleHIOB B LWHPOKU: 
mpezenax (B 1000—10 000 pa3) 3nHa 
mb 12 YeHHA KOHILCHTpalHOHHBIX KOHCTAHT Heé 
CTOHKOCTH OCTaloTCH MOCTOAHHEIMK 
lpeqemax OHOro-NoJyTopa MOpAAKOB 
CpaBHeHie yCTOHYHBOCTH ITHJIEHLH 
AMHHOBOTO KOMIVIeKCa C APYrHMH TeT 
PaMHMHOBbIMH KOMIJIeKCaMH Henocpey 
CTBeHHO 10 BeJIMUHHaM KOHCTAHT HE 
CTOHKOCTH He COBCe€M IIpaBHJIbHO, Ta 
Kak B BbIpaxkeHHe JIA KOHCTAHTHI Mep 
BOrO MOJIAPHAaA KOHIWCHTpalua ayleny 
BXOJHT B KBa[paTe, a JJIA OCTAJIbHbI 
coeyMHeHHH —B YeTBepTOH cTelleHH 
ay hee ee er IIpaBysibHee CpaBHUBaTb KOHILeHTp allut 
-1g¢, —— HoOHOB Pt?* IA pa3JIMUHBbIX KOMILJIeK 
COB IIPH MOCTOAHHBIX KOHIeHTpallua 
Puc. 1. SaBHCHMOCTb BeJIHYHH 3JIEKTPOAHbIX KOMIIJI€EKCOB HW aleHoB. C 3TOM Wesbk 
NOTeCHUHAaIOB OT KOHICHTpalHH aj eHOB 
TIpH MOCTOAHHOH KOHUCHTpalHH KOMIMVIeKCa NocTpoeH pak 3aBHCHMOCTH Bed 
C, = 0,04 mon/n. 1 — [Pt(NHs)4]2+, 2— U4HHEI 9. A. c. oT Ig Ca (puc. 1). 
[Pt(CzHsNH2)4]?* , 3 — [Pt(CHsNH2)4]°*,  puc. | BALHO, YTO M3 H3Y4eCHHBIX aMh 
4 — [Pt(NH2CH2CH2NHa)2]*+ HOB HaHOoulee MpOYHbIe KOMIIVIEKC! 
oOpa3yeT STHIeHNaMHH. 
IIpupeyeHuble B HacTOAIuel paOoTe JaHHble HHTepecHO COMOCTaBUTb C paHe 
ONHCaHHbIMH JIA MvIaTHHHTOB. Takoe cpaBHeHHe MIpHBOAHT K CJeXYyIOUeM 
pay 0 BesIMUHHE BOSpacTalouleH TepMOAMHaMHYeCKOH YyCTOHYHBOCTH: 


[PtCl]*-<[PtBr4]* <[PtJy]}-<[Pt(NH,)4}*+<[Pt(CoHyNH.)4]*+ <[Pt(CHjNH;)4}*+<Pt(CN)«?-< 
Die =e Lo,0 20,4 29,6 39,3 37,0 40,4 41,0 


<[Pt(NH.C.H,NH,)2]} 
CyeqyeT OTMeTHTb, YTO H3YYeHHbIe KOMIMJIEKCHbIe HOHbI TeTPaMHHOBOTO THI 
OJIHOBPeCMCHHO XapaKkTepH3yYIOTCA KaK 3HAYHTEILHOH TEPMOAHHAMHYECKOH YCTOL 
YHBOCTbIO, TAK H OOJIbUIOM HHEPTHOCTHIO B cmbIcuie Tay6e. B To xe BpeMaA OueH 
YCTOHYHBHI B TepMO,MHaMHYecKOM CMbICIe HOH [Pt(CN),]*- o6aqaeT GoubIIO 
JaOWIbHOCTHIO. MHepTHOCTb TeTpaMHHOBbIX KOMIIJICEKCOB, II0-BHJHMOMY, CBS 
3aHa C M@JIbIM TpaHC-BJIHMAHHeM MOJI€KYJ1 AMMHaKa H aMHHOB BO BHYTPeHHe 
ccbepe ABYXBaJIeHTHOH MJIaTHHbl. 

OueHb HHTepecHO, 4TO 3TA HHEPTHOCTb He IpeNATCTBYeT OTHOCHTEJbHO Ob 
CTpOMY YCTaAHOBJICHHIO MOTeHIWMaa Ha MlaTHHAPpOBaHHOM I1JIaTHHOBOM 9VJIeI 
Tpoge. MoxHO mouaraTb, YTO MW B ITHX CHCTEMAX HMEIOT MECTO IIPOLecchl THM 

Pt? + Pt?+ (NHs)a]2+ > Pt?+ + [Pt (NHs3)4]® — Pt® + 4NHs 
Pt2+ + 4NHs3 —> [Pt?+ (NHg)4]?*, 
T. @. OOMe€H TWaCTHHbI M@*KY KOMIVJICKCHbIM HOHOM H 93JIEKTPOOM, | 

IloulyueHHble 3HavdeHHA KOHCTAHT HECTOHKOCTH, Pa3YMeeTCA, YCJIOBHBI B TO 
CMbICJI€, UTO OHH PpaCC¥YHTAHbI, UCXOLA 3 3HaYeHHA NMOTeHIMana Pt?+ + 2e - 
— Pt, npwustoro paBHpm 1,2 B. OqHako, ecH Obl 9Ta BeEIMUMHA B JabHenwe 
Oblla YTOWHeHa, BHeCeHHe COOTBETCTBYWIeH TOMmpaBkKH He OTpPasHuTcA H 
HalieHHOH HAMM MOCJeOBaTeJIbHOCTH KOMMVJICKCHbIX HWOHOB 10 BeJIMUH 
ycTOHuHBOCTH. 

JleHHHrpaycKHit TexHOsOrMueCKHt MHCTHTYT Tlocrynuuio 

~uM. JleHcoBeta 8 XII 1960 
WHMTHPOBAHHAS JIMTEPATYPA 


LJ. Chatt, G. A. Gam len,.J. Chem, Soc.; 1956, 2371. .2°AL Aul pa moe 
eae Tuabneurepmens, Bo BatG nioia pic i a. eA (Ohm NOmen mm Loe 
7A. A. Tpuu6epr, M. WU. Tenpgdman, JAH, 183, Ne 5(1960). 4B. B. JI 
O6enuuckun, B. A. Toaospuas, Mss. Cext. naatunpt VWucr. o6m. uv Heopr. XH 
AH CCCP, 20, 95(1946). °° X.H.Tuapnenrepmeuan, JKHX, 1, Ne 3 (1956) 
TD xa Tuapaenrepmens, PKHX, 1, Ne 8 (1956). 
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i Horsayp Akagemuu nayk CCCP 
. 1961. Tom 137, Ni 4 


z\ XHMHA 
Tusbm KAMAH u 10. &. FATHJIOB 


O PA3AEJIEHHAH ACHMMETPHYUECKHX APCOHHEBDIX 
COEMMHEHMM HA ONTHYECKH AKTHBHbIE AHTHNMOJbI 


(II pedcmaeaeno akademukom B. A. Ap6yscevim 28 IX 1960) 
\ 
' B wactosmee Bpema uMeeTCa He3HayHTeIbHOe UHCIO paGoT, MOCBALLeHHBIX 
PasteneHuio coneii acuMMeTpH4ecKHX YeTBePTHYHbIX APCOHHEBbIX CoeqHHeHHi 
oOmero Tuna RR’R’R”AsHal, rae onTuyeckat aKTHBHOCTb, HeCOMHEHHO, 
SaBHCHT OT ACHMMeTPH4eCKOrO aTOMa MbIIIIbAKa. 
- TIlocae 6esycnewHbIx uccieqoBaHuii B 3TOM HampaBaeHuu Muxasuca (’) 
% Yuumuna () 8 1921 r. Beppoy u Tepuep (*) Bpieruau mpaBospamatouynii 
KOMMOHeHT HoAucTorO MeTumpeHuAGeH3HI-a-HapTHapconus c Mp = 12°, ko- 
‘TOpbId Mp NepeKpucTasmM3ZalMu Mepexosu B HexedTebHYIO dbopmy. Ilo3sqHee 
‘O0HUM M3 Hac (*) pa3smoxwKeHHem d - t-OpoMKaMopcybWOHOBOH COM STHJI-H- 
‘HponmwinapatToiunGeH3HapCcOHHA BOAHBIM paCTBOPpOM HOMCTOrO KaJIHA yfla- 
‘GOcb BBILeTHTh MpaBOBpallaoulNii KOMMOHeEHT o_ucTOrO 9THJI-A-pomMu- 
‘MapaTomusm6eH3unapconun c Mp = 41,5°. 
| Ulpoqomkas uccneqopanud B 9TOH OOaCcTH, B3aHMOelCTBHeM PeHHJSTHI- 
XlOpapcHHa Ha MarHHuiiopraHwyeckue COCIMHCHHA COOTBETCTBYIOUIMX TaJIOH- 
Qoarku0B MbI CHHTesHpoOBaH pa3IHYHbIe ACHMMeTPHYeCKHe apCHHbI OOMLero 
‘Tuma: 


! 
’ 
' 
fie R — anncdatwyeckui palnkad. 


\ Hekotoppie cbusnyeckHe KOHCTAHThbI HCCJIEIOBAHHbIX apCHHOB Np HBeJeHbI B 
maon. 1. 


Taomn wma’ 


| As; °% 
Ti) Kaa, 20 20 
3 Coequnenue °C Tipu di, np 
| 10 MM BBIY, Hafiz. 
ee ee 
MCoH;)(CH5)(CHs) = As- 85—86 4 , 2023 41,5642 | 38,21 | 37,98 
408—109 4,1445 41,5492 33,40 soveo 
422—123 1 ,414187 1 ,9438 Bia Sil af 
133—134 1.0974 fi Oe (al 29,70 29,59 
145—146 1,0862 1 ,9340 28 , 20 27,90 
163—164 1 ,0661 4 ,5271 PANT (P2 26,53 
171—172 4 0514 i ayer 25), 45 25 ,28 
(C3H5)(CgHi5) = As 181—182 41,0327 41,5170 |» 24,29 | 24,23 


| BoeyleteHHble TpeTH4HbIe aCHMMeTpHyecKWe apcHHbI — OeclBeTHbIeE (Cc He- 
({IPMATHBIM 3alaxOM) XKHKOCTH, KOTOPble JIerKO CMeLIMBaIOTCA CO CIMPTOM, Sdpu- 
M, OCH30JIOM M J PyrHMM opraHWyecKHMM paCTBOPHTeAMH. 

Tlanee, nyTemM TIpHcoeHHeHHA K HeKOTOPbIM M3 YKa3aHHbIX apCHHOB Opo- 
ucToro aiMa uM OpomucToro SOeH3sHNa Obl MOMyYeHb! CuleAyIOulMe acuM- 
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Ta6Oauua 2 


fo 


As, % Br, % 
a Te ae. °C Buixog, 
CoennHeHHe up 10 mM of, 
BHIY. Haig, BbIW. Haliq. 
G.Hi Ch 
YAs Br 84—85 23,30 | Glee 25.40 2546 93,4 
CoH; C,Hs 
C,H; C,H, 
| >As | Br 405—108 | 21,75 | 24,74 | 23,06.) 23.45 93,9 
C,H; C,H; 
cu, CyHy 
Yast Br Toe 20,95 | 24,44 | 22,35 | 22,25 87,8 
CH; C;H, 
C.H,; C,H, 
| ast | Br 154,156 18,95 | 18,78 | 20,22 | 20,33 | 84,7 
Cali GH 
- C.H, CyHy 
Das Br 108—109 | 17,69 | 17,60 | 18,88 | 18,94 79,2 
LC,H, C,H, 


MeTpH¥eCKHE YETbIPEXKOBAJICHTHble APCOHEBbIe COeMHEHHA B KPHCTAaJJIMYeCKOM 
Bue, HeEKOTOpble WaHHble O KOTOPbIX CBeJeHbI B TAO. 2. 

Tlony4eHHble aCHMMeTpHyecKHe apCcOHHeBble COeMHHEHHA — Oewble KPHCTaJ-' 
wMueckHe BelllecTBa, PaCTBOPHMble B CiMpTe, alleTOHe, BOJe H HepacTBOPHMbIe 
B apupe. Onn rurpockonuyHbl. AWIMIbHbIe MPOWSBOAHbIe Ooee rHrpockonH4- 
Hbl, ¥eM Oe€H3HJIbHbIe. BBeqenve OeH3HIbHOFO pawukala B YeTBEPTHUHbIe apco- 
HHeBble CO@AMHEHHA TIPHBOLHT K 
OobuieH YyCTOHYHBOCTH MocwJey- 
> HHX Ha BO3Lyxe. 


Lao wpm 3 


- $ be | PasyemeHHe acHMMeTpHuecKHxX 
a i ms ap [a]p [M]q PasHu- 2 
@:2/ § | §5¢ ua AM ApCOHHeBbIX COeCIMHEHHH IIpoH3- 
aa) « | eee BOAHIOCb C MOMOULbIO ONTHYeCKH 
AKTHBHOM cepeOpxHol comH d-m- 
1 |0,0441) 2 |40,35/+53,2/4+347,7/4+74,7 OPOMKamcopcysIbPoHOBOH KHCO- 
2 |0,1491/ 2 |44,20/+53,4/+348,3/+75,3 Tb. [pu BsauMofeicTBHH yka3saH- 
3 10,0187; 2 |—0,10|—34,2/—222,3/—51,1  HEIX CONeH APCOHHEBBIX OCHOBAa- 


HHH Cc cepeOpaAHOH combo d-n- 
OpoMKaMopcyJIbPOHOBOH KUCJIOTbI TOJIbKO d-mt-OpOMKaMopcyJIbOHOBAaA COJIb 
STHJI-N-aMMJIPeHHOeH3HapCOHHA XOPOWIO KPHCTAaJIH30Ballacb. OctTaJbHble 
COM OOpasO0BbIBaIH CHpomooOpasHble BeulecTBa. 

OnbiT pa3qeseHHA OpoMucTOrO 3THJI-/-aMHIpeHHIOeH3HapCOHHA MpH T0- 
MOIULM cepeOpsxHOH com d-m-6pomKamdopcybpOHOBOH KUCJIOTbI NpOBOLMICA 
CJleLyIOULHM O6pasom. 

Bogubii pactBop 8,01 r 6pomuctoro sTHsI-n-aMuJdeHHIOeH3H 1apCoHHA Obl 
IIpHJIHT K pactBopy 7,91 r cepeOpsxHOK coun d-x-OpomKamdopcy.1bioHOBoK 
KHcJOTHI. [loce oTdHsbTpoBbIBaHHA OCalKa Opomuctoro cepedpa Boa OTTO- 
HAMaCb NO BaKYYMOM. OcTaBuiasca B NeperoHHOH KoIGe d--OpomKam@opcyIb- 
(POHOBAA COMb STHJI-N-aMuJIceHUIGeH3HapCOHHA 3aKpHCTalIM30Baacb. Jamee 
cofep2KMMoe KOJIObI ObIIO pacTBOpeHO B YKCYCHOSTHIOBOM 2cupe. locate oTroH- 
KM 4aCTH PaCTBOPHTe/IA HU MpOAOUMKUTeIbHOO CTOAHUA BbINasa HepBan (PpakunA 
KPHCTaJJIOB B BUe HPI, 3aTeM MOCMe YaCTHYHOTO UCMapeHHA paCTBOPHTeA H 
JlaJibHeHWero CTOAHHA Oblia BbIeweHa BTOpad pakuHA KpucTaioB. T. mW. 
KPHCTaJIOB NepBoli d@pakuun 159°. HaitgeHo %: As 11,50; CsoHa2OuSBrAs. 
BuruncseHo %: As 11,46. 

T. mu. KpucTaiioB Bropol dpakuun 156°. Haligeno %: As 11,48; 
CzoHa2zOaSBrAs. Borunceno %: As 11,46. 
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__ V3 ocrapuieroca MaTouHoro pacTBopa TakxKe ObIJIM BbIeJICHbI KPHCTAaJWIbI. 
Haiieno %: As 11,39; CsoHa2OsSBrAs. Buraucseno %: As 11,46. 
IlonapumerpHueckue H3MepeHHA TpHBeseHb B Tabu. 3. U3mepenua mpo- 
JMJIMCb B 3-CaHTHMeTPOBOH TpyOKe. 

Tlanee, ¢ WebiO NOMYYeHUA ONTHUeCKUX H3OMePOB B YHCTOM Bue MpoBOLH- 
_ §lOCb pasJIoKeHve MMACTepOH3OMePOB BOHbIM pacTBOpOM OpomucTorO KaJMs. 
HA ToubKo pa3uiomwkenve 1HacTepousomepoB NMepBoll tbpakUHM MpHBeNO K MoOVI0- 
XKUTEJIbHBIM Pe3yJIbTATAaM — OblIH BbILeNeHbI KpucTatb c T. mt. 111°. Hait- 
Reno %: As 16,99; CooH2sAsBr. Brruucneno%: As 17,69. 
TlonspumMeTpHueckne U3MepeHHA NOKa3aH: ap = + 0,10°; lalp = + 16,5°; 
[M]p = +70,0°. 
| QTOT MpaBblii KOMMOHEHT JOBOJIbHO ObICTpO Mepexoqus B HeWeATebHYIO 
ps 

’ 


qpopmy. 


TakHM OOpasoM, NOJIyYeHbI MpaBbiit MU JIeBbIli AHacTepoH3oMepHI: 
I BbijeseH d-OpoMucTbIit 9THJI-n-amusdeHuGeH3HapcoHul c [a]p = + 16,5°; 


‘ 


INS 34 
CoH; wn ‘ meat 


Bee | > CoN, 
d -d-n-C,,H,,OBrSO3; 
ft, th.0B0s0, 
IM) p= + 70,0°. fs 


S 
GH~ GH, | 
C,H C;H 
| 6*°5 a Me eee fe 
XHMHYeCKHH HHCTHTYT Tlocrynnsi0 
y Kasauckoro qdbuinata AKayemun HaykK CCCP 24 IX 1960 


IMTHPOBAHHAS| JIMTEPATYPA 
Aer naelis, Lieb. Ann., 321, 159 (1902). * Wimmill, J. Chem. Soc.. 


$101, 720(1912). *® Burrows, Turner, J. Chem. Soc., 119, 426(1921), *Tuabm™ 
Kamait, )KOX, 4, 184 (1934). 
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Jloxnagn Akagemun nayk CCCP 
1961. Tom 137, N 4 


XHMHA 


A. C. KAMEHEWKAS 


O PASHEJIEHHH KOMMOHEHTOB CILJIABOB IPH HAJIMUHH 
PA3HOCTH TEMIMEPATYP 


(I pedcmaeaeno axademukom I. B. Kypdromoeoim 12 X 1960) 


B HacTosillee BpeMA H3BeCTeH PA MeTOAOB pa3esIeHHA KOMMOHEHTOB CMeCH: | 
JIMCTHJIAWMA, Me€peKPHCTAaJJIH3alHA, 3OHHOe MWIaBJIeHHe, 30HHaA OYMCTKA : 
TBEPOM COCTOAHHH Hi TepMonupy3sus. Bce 3TH MeTO{bI, 3a HCKIOUeHHeM Lud- 
(py3HH, OCHOBaHbI Ha pa3JIMYHOH PpaCTBOPpHMOCTH BTOpOoroO KOMIMOHeHTA B COCy- 
ULeCTBYIOILHX (basax (ra3 — %KHAKOCTb, *KHAKOCTh — KpHCTas, Be MOLMDH- 
KalHH TBepyoro Tema). TepmMoludpy3uAa MpOvCxXoANT U B OAHOAasHOM eee 
(CMeCb Ta30B, pacTBOp). 

OOpiyHO TepmMosudpy3ua paccMaTpuBaeTCA KaK CueACTBHe pPasIMGHA CKO- 
pocTH JBHxKeHHA KOMMOHEHTOB. B HacToAMeH paOoTe MbI MOXOHMM K BOMpocy 
C TOUKM 3peHHsA SHEpreTHYeCKOM BHIFOHOCTH TepMoxudppysHn. Takoe paccmorT- 


- 
h 
h 
A B 
Gf, y) Cy ee 
Puc. 1. J[Harpamma coctosHna Puc. 2. Kpuppie 3aBHCHMOCTH CBO- 
SBTeKTHYeCKOrO THA OoMHOK 9HeEPprHH OT KOHUeHTpalHu 
Wa jfByxX tTemmepatyp 7; u Te 
(cm. pue. 1) 


peHHe MOXKeT aTb OTBET Ha BOMpOC O TOM, AO KaKHX TpesesOB HM B KaKOM Ha- 
mpaBJieHun, 6e3 yweTa CKOPOCTH JBHXKCHHA ATOMOB KOMMOHEHTOB, MOXKET Mmpo- 
TeKaTb Iiporecc. 

Ilpexkge Bcero BbIACHHM, MO?KeT JIM HMeTb SHEpreTH4eCKy!10 BbITOAHOCTb 
mpollecc mepepacnpeweseHnA MpHMeCH B NepBOHAYaJIbHO OJHOPOAHOM TBep- 
OM Tele IIpH yCJIOBHH HaJIMuHA HarpeToH 30HbI. .ByemM cuuTaTb, 4TO OfHA 
YaCTb Tela (CTepxHA) MMeeT HH3Ky!0 Temllepatypy (71), BTOpad 4acTb Harpera 
o Ooslee BbICOKOH Temnepatypn (72). B KayecTBe IpHMepa paccMoTpHM caly4aii 
OrpaHHYeHHOH PaCTBOPHMOCTH KOMMOHEHTOB B TBEPOM COCTOAHHH. O6o3Ha- 
4HM HCXOAHYIO KOHILCHTPallHiO TIpHMecH B CTepxKHe Yepes Co, paCTBOPHMOCTb 
MpHMecH B TBEpOM BellecTBe, NOABepraeMOM OUYHCTKe, pH Temmepatype 7i— 
yepes Ci, Ip Temmepatype T2 — uepes Ce (puc. 1); mpH 3TOM RouWKHO yyoB- 
JIETBOPATLCH yCuOBHe Ci < Co < C2 (pacTBOpHMOCTb BO3pacTaeT C MOBbILIeHHeEM 


Temnepatypbl). Moker ObiTb paccMoTpeH M pyro csryualt: Ci < Co < Cy. 
OleHHM H3MeHeHHe CBOOOAHOH SHeEprHu Tela, eCIM MpH HarpeBaHuH uacTu 
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relia JO Temiepatyppl T2 mpousoiyer mepepacnpeyenenne mpumMecH Takum 
6pasoM, 4TO B XOMOAHOI YACTH CTepxKHA CojepxKaHHe MpHMecH yMeHBUINTCA 
(Ci) M MpHONM3uTCA K TpaHulle pacTBOpHMOCTH MpH TemMmepatype 71, a B To- 
paueH “aCTH CTep%KHA CofepxaHHe IpMMecH yBemMuUTCA (C2) uM npHoOmM3nTCH 
K rpaHHle pacTBOpHMOCTH pH Temmepatype 72. 

B cayuae orpaHHyeHHOM pacTBOpHMOCTH 3aBHCHMOCTb CBOOOLHOM J9Heprun 
‘11aBa OT KOHIEHTpalMn UMeeT BHA, MpexcTaBeHHbili Ha puc. 2. IIpu Temme- 


patype 71 paBHoBecHble pacTBopuMmocTu paBHbI Ci u Cy, mpH Temnepatype 


[2 — C2 u Cz. Usmenenue cBoOofxoli sHepruu mpu mepepacnpesenenun npu- 
MecH pdaBHO: 


‘| 
AF = oy (Frc, = Fric,— Frc, — Fe (1) 


(Mujekchl yKasbipaloT Ha 3HaveHHA CBOOOAHO! SHeEpruu NpM WaHHEIx Temnepa- 


Typax MW KOHIeHTpalnAax.) 


* CorjacHo mpaBusy pbuara HaxoMM: 


pe a Co— Cy 
zc, = ——— Frc, + ———F ,, ;’» (2) 
1rSo0 ’ teed” 4 " a Wee 
: C—O THO, 


a Sl 
i>) 


MosctapuB 3TO BEIpaKenHe B (1) H ympocTHB, Mowy4uM: 


Fayed —(igyevare Band): (3) 


V3 cooTHomeHua (3) BUAHO, YTO NPM onpeeJIeCHHbIX COOTHOWICHHAX BeIH- 
MMH, BXO{ANIMx B (3), CBOOO,HAA S9HEPrHA CHCTeMbI MIpH 3aJaHHbIX YyCJIOBUAX 
MoxwKeT yMeHburateca (AF < 0) wu mponecc nepepacnpeleneHuA mpHMecu OyzeT 
MHepreTH4eCKH BHITOLHbIM. ITO OyeT MMeTb MeCTO, B ¥ACTHOCTH, MpH Fi. 7 > 


- 1 

@ F'r..c, u Fr.c, > Fr.,c, (yCOBUA JocTaTOUHbe, HO He HeOOXOJHMBIe). 

| OctbekTuBHad oOUNCTKa XOJIOMHOTO KOHILa CTepxKHA OyeT MpOHCXOLUTb Jo 
Ipeqena pacTBopHmMocTH MmpuMecH MpH TemMepaType STOH YaCcTH cCTepxKHA. 
TanbHeiinee mepepacnpeseteHHe BO3MOXKHO WO TAaKHX 3Ha¥eHHH Ci uw Ce, mpH 
koToppix AF cTraHoBHTcA paBHBbIM HyQI10. 

' V3 paccmotpeHuoro Bbillie BbITeKaeT, B YACTHOCTH, YTO Ip pacueTe Ipo- 
fecca 30HHOFO MJaBsIeHHA, KpoMe OObINHO paccMaTpHBaemoro Mepepacmpeje- 
(€HHA TIpuMecelt, CBA3aHHOTO C Ppa3JINYHOH PaCTBOPHMMOCTbIO HX B RAAKON U 
tBepsoit tasax, HeOOXOAMMO YUHTHIBATH TAK2%Ke BOSMOXKHOe Nepepacnpenesenne, 
1BASAHHOe C pasJIM4HeM TeMMepaTypbl BLOMb OUNMMLaemoro OOpasila. 

| TlpupefenHoe paccmotpeHue MIpHMeHHMO HM K 2KHAKHM CMeCsIM. 
 YcuopHe (3) MOxKHO KOHKPeTH3HPOBATh, CCJIM HCMOJIb3OBaTb JIA CBOOOLHOH 
mepruu Frc PyHKUMIO, BbIPaKaloulylo e€e€ 3aBHCHMOCTb OT KOHIeHTpalnu UH 
emilepaty ppl. 


j IleHtpaibHblt Hay4HO-nccezoOBaTeJIbCKHli Ilocrynuso 
| HHCTHTYT YepHOl MeTaJJlypruu 12 X 1960 
‘ ” 
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Jloxraayp AKanemun Hayk CCCP 
1961. Tom 137, Ni 1 


XHMH 


Yaen-koppecnoungzent .AH CCCP Jl. H. KYPCAHOB u B. H. CETKHHA 


O MPOTOHHOM MOABY)KHOCTH ATOMOB BOJOPOJIA 
XJIOPHCTOrO AWETHJIA 


B HacToslee BpeMA HMeIOTCA SKCIEPHMeHTAJIbHbIe LaHHble, MOATBepx* ato 
IHe, YTO B amHdaTHyecKHX HOHAX KapOOHHA ATOMbI BOAOpoOa pH a-yrueposa 
o6laqaioT MpOTOHHOM nmoxBuxKHocTh1O ('). [lpeqcTaBaAIo HHTepec BbIACHHTD, 
OO/laaioT JIM MpOTOHHOHM MOABHXKHOCTbIO TaKx%Ke H AaTOMbI BOMOpoNa allHMi 
HMOHOB Tula: 


H 


| @ 
—C — CO 

| 

(1) 
Monbl alluvida MpekcTaBsAloT COOOH OTHOCHTeJIbHO YCTOHUMBbIe yacTHIb. Ent 
B 1922 r. Meepspet u Maitep-Xto3ep ycTaHOBHJIM, 4TO ravlOHaHrHApHAbl Kuc 
JOT O6pasy10OT C COJIAMH KOOPAHHAWHOHHO HeHACHILNLeHHLIX MeTAaJJIOB (allpoTOH 
HbIMH KHCsIOTaMH) TBepAble coeqMHeHHA (7). B 1947 r. 3eenb u Bayep (°) uccue- 
JOBaIM 3TH peaKUHH MeTOOM KOHAYKTOMeTpHyeCcKOrO THTPOBaHHA B KULKO 
cepHHCTOM aHrugpuye. Baio HaliqeHo, YTO TpHOaBIeHHe K XJIOPHCTOMy ale 
THY MNATHXJIOPHCTOH CYPbMbI BbISbIBaeT, BIWIOTh JO JOCTHKeCHHA IKBUMOWIC 
KYJIAPHOTO COOTHOWICHHA 9THX BeLLeCTB, ObICTPbIH poOcT 32IeKTPONpoBoy 
HocTH. C MOMeHTa JOCTHXKCHHA IKBHMOJIEKYJIAPHOCTH poOcT IIeKTPONpOBOL 
HOCTH lipaKTH¥eCKH MpekpalllaeTcA. OTH aHHble MpHBeH aBTOPOB K BbIBOLY 
4TO IPH B3aHMOeHCTBHH XJIOPHCTOrO alleTHJ1a C NATHXJIOPHCTOH CypbMOH Nowy 
yaeTCA HOHH3HPpOBaHHOe BellleCTBO, OOpas0BaHHe KOTOPOrO OTBeYaeT ypaBHe 
HHIO: 


CH) COCT4..SbCl.= [CHs = O}4e1SbEh 

B 1959 r. cTpoeHue 9TOrO H aHaJOrHuHbIX MpOLYKTOB MpHcoesqHHeEHHA M0 
JY4HO JatbHehwee yOequTeIbHOe NMOATBepxKAeHHe B paOoTax CaHyAxy 
compen 

TakuM oOOpa3oM, COIN, COJepKalllve allHJIMH-kaTHOH, JIerKO MOryT OBIT 
novyueHbl. Jia peuieHHA MocTaBJIeHHOH HaMH 3afauN ObIIM U3V4YeHbI peakUH 
H30TOMHOTO OOMeHa ATOMOB BOLOpOsa XWOPUCTOTO alleTHJIa IPH JeucTBHH H 
Hero XJIOpHcToro JleHTepHA B TpHCyTCTBHH alpOTOHHbIX KHCJIOT. 

Ha oOcHOBaHHH CKa3aHHO"o CJIeQOBaJIO OXKUAATb, YTO, CH ATOMBI BOZOPOL 
allHJIHH-HOHOB (I) AelHCTBUTeIbHO OOaaloT CNOCOOHOCTHIO BCTYMaTb B peakKIHH 
u30TOMHOrTO OOMeHa, TO IpHOaBMeHHe K COOTBeTCTBYIONLeEMY TasoHaHruspuy 
allpOTOHHOH KHCJIOTbI JOJKHO CMOCOOCTBOBaTb 3TOH peakIHH. 

B ta61. 1 nMpHBeyeHbl pesyJIbTaTbl, NOYYeHHbIe HAMM MIpH McCe_oOBaHu 
KHHeTHKM peakWHH H30TOMHOFO OOMeHa aTOMOB BOOPOa XJIOpHCTOrO alleTHI 
B IIpHCyTCTBHH HM B OTCYTCTBHe alpOTOHHBIX KHcCIOT. PeakUHH MpoBORHINC 
mp 25°. Xsopuctbit alleTH Obl pacTBOpeH B HHUTPOOeHsONe, coseprxKalle 
DCl u cooTBeTcTBYyIOULy!I0 alpoToHHyt0 KucroTy. MouwapHble COOTHOLIeEHHA KOM 
NOHeEHTOB Opin | : 5 : 0,2 : 0,05 coorBerctBeHHO. KoHcTaHTbl CKOpOCcTH BbIyHc 
JIAJMCb 10 ypaBHeHHIO peaKUHH MepBoro MopAyKa. 

Ta6. 1 noKa3biBaeT, UTO O*KNAaeMbIM HaMH 9dceKT HMeeT MECTO. ITO 103 
BOJIACT YTBeEp%XKaTb, YTO aTOMbI BOMOpOfa B aMIMH-HOHAX OONaaloT po 
TOHHOH MOBHXKHOCTBIO. 

MutepecHo 3aMeTHTb, YTO CKOPOCTh BOAOPOAHOrO OOMeHA XJIOpHCTOTO alk 
THIa B pacTBope HHTPOGeH30a c DCI, B MpHCyTCTBHH CHJIbHBIX allPpOTOHHBI 
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KHCJIOT, 3HAYHTeIbHO HMXKeE CKOPOCTH BOXOPOAHOTO OOMeHA aJIKHJIXJIOPHAOB 
IB Tex 2Ke ycloBuAXx (°). Tak HalpHMep, CKOpocTb BOOposHOro OOMeHa XJIO- 
puctoro u3sonponuuia c DCI B npucyterBuu 5 Mom.% FeCl; B pacrBope HUTpo- 
Oen307a Mpu 25° HaCTOAbKO BeHKa, 4TO MpakTMYeCcKH He MOx*KeT ObITb H3Me- 
peHa, B TO BpeMA Kak KOHCTaHTa CKOpOCTH BOOpOsHOrO OOMeHa XWIOpHcTorO 
alleTula B TeX Ke yCOBHAX cocTaBAeT Hub 28-10-% cex-4. ror dakt, 
BepOATHO, OOBSCHAeTCA OCOGeHHOCTAMH CTpoe- j 

HHA allHJIMH-HOHOB, Y KOTOPbIX MOJIOXKHTEJIbHbIIt Tasanna 4 
3apAy, pacnpeseieH MexKy KapOoHHeBbIM yruie- 
poOM M CBA3AHHbIM C HHM KHCJIOPOJOM. AnpoTonHad Kucnota | K-10%, cex.—! 
| Jlanupie Ta6n. 1 noKa3biBaioT Take, 4TO 
aNpOTOHHbI€ KUCJIOTLI pa3sJIM4HOW CHIbI yCKO- 
PAIOT peakWHIo M30TONHOrTO OOMeHA BO,OpoOsoB an 


4 

“ HCl, 5 

XJopucToro alleTHia B pa3JIM4HOH cTenleHH. BF3 9 
AnaJormuHoe ABJIeHHe MbI HaGwOLau UpH usy- AICls 12 
YeHHH BOZOpOAHOrTO OOMeHa raJIOHJIHbIX aJIKH- FeCl 28 


mop (°), CyitlecTBeHHO, 4TO MO CHvIe OKa3sbIBae- 
Moro HMM 9ppeKkTa alpoTOHHble KHCJIOTbI B OOOHX CyYaAX pacmosararwTca 
B OJ\HHAKOBBbIe PAI. 

VutepecHo TakxKe OTMETHTb, YTO HM B OTCYTCTBHE AaMpOTOHHbIX KHCJIOT XJIO- 
PUCTHIH alleTH cnocoOeH, XOTA H OY€Hb MeQICHHO, NOABepraTecA BOLOPOAHOMY 
oOmMeHy. BeposTHo, H B 9TOM CJIy4ae BOJOPORHbIi OOMeH CBA3aH C HOHHS3allHel 
MOJI€KYJIbI XJIOpUcToro alleTHuia. 


OQKCHLEPHMCHTALbH AA TacTh*® 


XmopuetHh anetua (tT. kun. 50—51°) ounnmjanm neperonkoii Ha 
KomOHKe adpexTHBHocTbIO 30 T. T. Cneqbl xsIopHcToro Boxoposa yaamucb 
TipHOaBeHveM B MeperoHHy!l0 KOJIOY JHMeTHIaHHVJIMHA. 

HutTpo6OeHxH300 HW ANPOTOHHHe KHCAOTH (xm0pHoe xKese- 
30, MATHUXOPHCTaA CypbMa, XJIOPHCTHIM aIOMHHHMH, XJIOPHOe OIOBO, TpexdTo- 
pucTH Gop HW cyieMa) OUHIaIM Tak Ke, KaK H B OMNbITAaX C aJIKHJIXOpHAaMu (°). 

OnuTH MO BOROPORHOMY OOMeHY xXMOpHeTOroO 
ametTuwaa. HaBecku ampoTOHHbIX KHCJIOT pacTBOpAJIH B HHTpOOeH3Oue (Ha- 
ICbINLEHHOM XJIOPHCTbIM JeHTepHeM) B aTMOcdepe Cyxoro a30Ta B crelMaJIbHOH 
Kamepe (°). PacrBop momellasH B TepMOcTaT, NpHOaBIANH XJIOPHCTHIN alleTHu, 
M uepes onmpeyeeHHble MpOMexKYTKH BpeMeHH 4aCTb paCcTBOpa NepeKayHBaJH 
(ox aBseHvem cyxoro a30Ta) B MeperonHyio KoOy. 13 oroOpaHHbix mpo6 xv10- 
PHCTHI alleTH BbIeAIM OTTOHKOH B BakyyMe, IpH TOM xe Temlepatype, 
Mp KOTOpow npoBoxusca onpir. Crequt xopucToro Bo_oposa (WelTepHsA) u3 
‘Xmopuctoro alleTHia yanantH OOpaOoTKOH MHMeTHIaHHIMHOM, Mocwie Yero 
XJIOPHCTHI .alleTHI MeperoHAM B BaKyyMe HM O4MLaIM MHOrOKpaTHbIM «mepe- 
MOpPaxKHBaHHeM» B BaKyyMe B COCYJbI, OXJlaxKaemble TBePLON YrvieKHCJIOTOH. 
Urto6st 436@KaTb KOHTAKTa XJIOPHCTOrO alleTHJla C Baro BOSAYyXxa, B Mocey- 
HMM COCyA MoMellaiH KBaplleBy1o amilysy oObemom 0,1—0,2 Mi mM HanoJHAJI 
XJIOPHCTbIM alleTHJIOM. Cofep>KHMoe aMIyJIbI CKHTaIM B TOKe CyXOro KHCJIOpo- 
Ja, U B Bose comKeHUA OMpenenAmM CosepxKaHue Jeiitepua **. 

Tloqpo6Hoe onvcaHve KHHeTHYeCKHX OMDbITOB MpHBOAMM JIA AByxX pume- 
pos. 

a BowopoxHHt oO6OmMeH xaOpHuecTOrO aleTuuna c DC 
B'HUTpOGeH3O se. 8,27 r (105,3 MMouA) XOpuCcTOrO alleTHIa pacTBO- 
panu B 60,97 r HuTpoGeH30na, cozepxamero 1,4% xnopucroro jeiiTepua 
(495,7 mMowaA yuTpoOeHsoa u 22 mmoaa DCI u36eITouHo yrTaxKemeHHOCTH 
80 000 y/ma). PacrBop nomena B TepMocTaT mpu 25°, HM yepes ompexemeHHbie 
MpOMexXYTKH BpeMeHH OTOUpaH MmpoObl OObemomM 15—20 Mu, 43 KOTOPbIX XJIO- 
PHCTHIH alleTHJI BbIeAM yKa3aHHbIM Bolle CMOCOOoM. PesyJIbTaTbI NpUBeseHbl 
'B Ta6n. 2. 
| * Onprter MpoBsogxwHch mpu yuactun JI. E. Angzpeesoi. 
 ** Y30Tonuplii anaiu3 mpoponumu H. B. Kucaakopa un H. ®. Muponosa. 
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6. Bohopoxunk oO6MeH XHAOpPUcTOrFO aneTtuna.c DC 
B HUTpOoOGOeH30Ne, B NpucytcTBHH FeCls. 1,07 r (6,6 mmoua) 
6esBOLHOrO XJOpHOro *xKene3a pacTBopsmmH B 80,17 r HuTpoGeH30Na, ComepmKa- 
mero 1,12 r DCI (642,7 mmona HuTpo6eH30na u 30 mMMoueH DCI, u. nn. B. Cc. 


T a2Gunmen a, Ta6Oanna 3 
: .u.8.c. * xnopHcToro ; M.n. B.c. xsopucroro 
S : aueTua, Y/M1 Kp.o°10° S jf aueTusma, y/MJI Kp.o°10*, 
Be = BbIUHCeHO| HaliqeHo AS Be 5 BbIVHCIeHO| HaleHoO cebee 
1040 5010 595 0,92 425 4900 948 29 
1330 5010 738 41,13 185 4900 4250 27 
4070 5010 1418 1,08 240 4900 1600 27 
5090 5010 2204 | 1,5G 1385 4900 4960 —- 

* VW. n. B. Cc. — H36bITOUHAA MMOTHOCTb BO- 


Jbl CORK KEHHA. 


80000 y/mn). K nosyseHHomy pactBopy foOaBiaan 10,93 r (139,2 mmoma) 

XJlOpucToro aleTHia. CMecb NoMeulasiM B TepMocTaT pH 25°, H mpoOn oTOupa- 
JIM Tak %e, Kak HM B Mpesbiyulem onpite (cM. Ta6u. 3). 

B. BohopowaHHH OOMEH xaOpUucToro aneTHaa c DE 

B HHUTpoOOeH380Ne, B HpuHceytTctBUH MeHal,. Pesympratoi onbi- 

TOB 110 BOMOpOsHOMy OOMeHY XJiopucToro aleTusa c DC] B pactBope HUTpOOeH- 

30/14, BIPHCyTCTBHH pa3JIM4YHbIX AIIPOTOHHBIX | 


Ta6nuna 4 KHCJIOT, TpescTaByieHb! B Ta6. 4. MousapHpie 
————~ COOTHOIMECHHA KOMIMOHEHTOB COCTABJIAJIH COOTBET- 
MeHaly Kg o*i0'cex.-1 CTBeEHHO]:5:0,3:0,1. 
r. BoRopoAuHph OOMEH XNOPH- 
| cToro aneTtuaa cDCl. B_ cBexenepe- 
OrcytTeTByer 4 PHaHHbIt XJIOPHCTbIH aleTHJI NponyckasH pH» 
SnClq 17 KOMHaTHOH TemMepaType XJIOpHCTHI DelHTepHH. 
ce ai a Yepes 3 cyto pacrBop oOpaOaTbipanu uMe- 
SbCl, 26 THJIAHHJIMHOM HM XJIOPHCTHIM alleTHJI OUMMLaIA 
FeCl, 44 oObl4HbIM myTemM. HalieHHaad uw. 1. B.C. XxJI0- 


puctoro aleTHa coctaBiata 1720 y/ma. 

C TMOMOULbIO MeTOJa H30TOMHOrO OOMeHa OOHAPyKeHO, YTO ATOMBI BOAOPOa 
B XJIOPHCTOM alleTHJle OOJlaaioT MpOTOHHOM MOLBMXKHOCTbIO MH BCTYyMaloT B 
peakUMI0 BOOposHOorO OOMeHa c XJIOpHCTHIM jleliTepHem. YctaHoBseHo, 4TO 
B IIpHCyTCTBHH alpOTOHHBIX KucOT FeCls, SbCls, AlCls, SnCla, BFs u HgCle 
CKOPOCTh peaKIIHH BOOpoyHoro OOMeHa 3HAaYHTeJIbHO BO3pacTaeT, IpHuem 
HanOovIblee yCKopsloulee elicTBHe mposBaseT FeCls, HaumeHbiee HgCle. 

TlouwyueHHple HAMM 9KCHepHMeHTAaJIbHbIe JaHHble COrsiacyloTcaA Cc mpecTaB- 
J@HHAMH O TOM, Y4TO BOAOPOAHHIM OOMeH XJIOpHcTOorO alleTHJIa O6ycJIOBsJIeH 
oOpa3s0BaHHeM allHJIMii-HOHOB. 


Vincruty? alemMeHTOopraHHyecKHXx CoeqwHeHHi Tlocrynuso 
Axayjlemuu Hayk CCCP 24 XI 1960 
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Lornagn Akagemun nayr CCCP 
1961. Tom 137, N 1 


XHMHA 
_P. 0. MATEBOCAH, E. TP. PABPH3JIbAH, A. K. UAPKOB u H. A. MOCTOBCKHK 


CPABHUTEJIBHAS JETHAPHPYFOWAA CNOCOBHOCTb 
HEKOTOPbIX JHAPHJINMKPHJIFHAPASHJIbBHbIX PAJHKAJIOB 


(I[pedcmaereno axademuxom M. M. Ilemakunoim 8 X 1960) 


Ilpu paOote c NMKpHITHApasMAbHbIMA payuKasaMu HaMM OBO 3aMeueHoO, 
iro N-kapOasusnuxpuuasort (I) ropasgo Obictpee, ueM a, a-,ncpenus-3-nMKpH- 
‘wapasua (III) qeruypupyer ruqpoxuHon HM apomaTMuecKHe aMUHBI, NepexosA 
IpH 9Tom B N-KapOa3unuKpuaamuH (II) (3). 


| Dae B lyse 
[ ONON=Pik = i ‘N—NH — Pik R—N—N-—Pik 
| A ae) ‘ du, R = C,H; 
(I) (11) (III) 
NO, 
ak, 
Pik = —~ \- NO. (Illa)R = < N-¢ N- 
No, 


ie es AG eo ee ee 
(Ill6)R =CHO—¢ N—(llls) R=CHIO-—C NY 


IIpu Oouee nofpo6uom usyyenun cBolicTs N-kapOasuamuKpnuasora (I) BBI- 
CHHJIOCh, YTO STOT palKa JerupupyeT He TOLKO yKa3aHHbIe coeqHHeHHA, 
0 fame OeH301, 4TO He yaeTCA OCYIeCTBHTh Np NoMOWIM payuKaua (III). 
‘ak, TEMHO-PHOeTOBLIN pacTBOp pauKavia (1) B OeH30Ie Yepes HECKOJIbKO MH- 

T CTAHOBUTCA OpaHxKeBbiM (UBeT amuua (I1)). IIpu xpomatorpadupoBanun nay 
1,03 CBe?KeIIpMroTOBJIeHHOTO pacTBOpa paMKaa B OeHs0uIe OOpasyetTca ye 
2H. CONPHKOCHOBeHHH 't afcopOeHTOM BelllecTBO OpaH»KeBOro WBeTa, KOTOPOe 
ICle IPOABeCHHA U3ObITKOM OeH3O/1a MH yNapHBaHuA OeH3O/IbHOFO 3u1yaTa Laer 
MecTBO c T. mu. 239—241°, unenTupuyApoBaHHoe M0 mpoGbe cmemenua c N- 
apOasHvINHKpHwiaMHHom (II). 

Bpicokad Jleruypupyroulan ciocoOuocTb pagquKaua (1) yKasbiBaeT Ha 60nb- 
io JlOKaIM3allMi0 B HEM HecrlapeHHOro 3JIeKTpoHa y B-aTOMa a30Ta, 4eM B 
amuKkane (III). OuepugqHo, sTO CBH3aHO C TeM, 4TO a-aTOM a30Ta, Haxolsach 
| cocTaBe KolaHapHoli cucTeMbI Kap6a3HbHOrO ocTaTKa, MMeeT OovIbLILy10 
ISMOXHOCTh MpeAOcTaBUTb CBOM IJIEKTPOHbI AA yIaCTHA B CONpsKeHHU Cc m- 
[€KTPOHaMH OeH3OJIbHBIX KOJIell, eM B curyyae (III). B cBa3u c sTHM, B MeHBUeli 
leMeHH OCYIUIeCTBIAeTCH B3aMMOMeHCTBHE SJIEKTPOHOB %-aTOMa C HeclapeHHLIM 
} deka 8-aToMa. Sto corviacyeTcA C JaHHbIMH, NOJIYYeHHbIMH M3 aHasu3a 

KTPpOB CBepXTOHKOM CTPyKTYpbI 9JIEKTPOHHOFO MapaMarHATHOTO pesoHaHca 


; 7 99) 


4 
i 


i" 


pagukasoB (I) u (III), cormacho koTopbim B pagukase (III) HecnapeHHBIit 
31@KTPOH paBHOMepHO paciipefeseH Mexky % -H B-aTOMaMH asoTa, a B Cilyua 
paguKkasa (I) cMelleH B CTopony ogHoro u3 Hux (*). Tlostomy npexcraBian 


MOM /MUMIP I 6,6 MHTepec, MO BOSMOXHOCTH, KOJINUECTBEHHO Oxa 
60:10 PaKTepH3SOBaTb WeruyApUpyioulyto CMOCcOOHOCT 
Q fa rHApa3sHJIbHbIX PawNKaJIOB, COMepRallHxX OCTAT 


KM pas3sMuHoro cTpoenna (III, IIIa, 6, B). 
Panukaunl (III 6, B) OblH NowyyeHbI Brep 
te Bble, paqukas (I]]a) onucaH Hamu paHee. Paqu 


Igo 
53 Puc. 1. Kpuppie CKopocTH peakuHH erHipHpoBpaHHa 
52 I qucdeHHIaMuna paqukasamu: ap6asHinuKpHiasoT (1);7H4 


} dbenHnuKpusrngpasuy (III); O6uderuideruanuKpusirny- 
5TH" pasua (Illa), n-MeToKcuqnpennanukpnsrugzpasnn (1116), 


JO hai Wy WO 30 BD 10 80 Som n- MeTOKCHOnNpeHHpeHHINHKpHArHApasuHs (IIIB) 


KaJIbl CHHTeSHpOBaHbl MO MeTOAYy, IpHBeqeHHOMy MogpoOuee B npesbilyuu 
cooOmeHuax (1, 3, *), mo cxeme: 
o-Cl—C,H,COOH 


Ri Ng ee =. NH = PN ee 
| | => 
CH= COOH Gs CoHs 

> Ra Nes NH Pere tN aa ea ee N — Pik 


| | | 
CsHs CzHs CsHs 


AHaJIH3bI H KOHCTaHTbI paHee HeOMMCaHHbIx ye aa Abe H KOHEUHBI 
MpOLyKTOB MpHBefeHb! B TAO. |. 

Bee paaukasbl rty6oko OKpallieHHble BeilecTBa. ‘Ha BO3A,yxe XslopopopmMeH 
HBIe pacTBOpbl paqukKaJOB B Mpeselax HECKOJIbKHX 4YaCOB He H3MeHAIOT HHTEH- 
CHBHOCTb OKPacKH, 4TO MpOBepeHO POTOKOMOPHMeTPHPOBaHHeM PacTBOPOB. 

[Ipu qo6aB.1eHHH K pacTBOpaM FHpasHJIOB JHeHHJIaMHHA, B 34BHCHMOCTH OT 
CTPOeCHHA palHKasla, C pa3NM4HOH CKOPOCTbIO TpoTeKaeT Jeru{pHpoBaHHu 
aMHHa H pajluKaJl MpeBpalllaeTcaA B rHpa3sHH OpahxKeBoro WBeTa. ITO NOSBONM 
HpocequTb Mpollecc WerH{pupoBaHuA CoTOKOMOPHMeTPHPOBaHHeM PacTBOPOB 
(DotoKouopuMetp PIK-M, KoHUeHTpallua pacTBopa pazuKawa 6-10-* mMoub/a 


TaoOnuna 1 


4 
TL ges sdliees Buy KpucTam0B nox |OmMnupHyeckaan 
CoeauHeHue Y °C g MHKpOCKONOM dopmysa Bie 
a Habit! unc 
oe | 
sei —NO 81—82 | 80} ITIpusmpr nenenbHoro GiH LOIN: 12,59: 112527 
\= | WBeTa 
NN —NHz_ | 43—46 | 30| Becusetanre miactHHKkn CisHyONs 13,19 |13,08 
| —NH—Pik |132—133] 70] Tipusmr kpacuoro upeta| CyH,,O;N; * |16,27 |16,47 
o —N—Pik | 96—97 | 75] Natacrunku mourn uepHo-| CysHy4O7Ns |16,38 [16,50 
ro wpeta 
CH,0— yee Ces -—-Y —COCH, |128—130} 45} Becuserupie urani Co1H,,O.N 4,53 | 4,44 
—NH = |140—141) 80; Baecraujue nepsamytpo- Ci9Hy,ON 5,17, | 5,09 
Bble MwWacTHHKH 
0 i)  =No 139—140| 60} J[\nunnbie urvbl camaTHo- CysHiO2N. | 9,48 | 9,2d 
Z ro wBeta 
—NH, |148—150) 25] Becusperupie kpynubie CipH,,ON, 9,89 | 9,65 


HrJbl (My4KH) 
—NH—Pik |110—112) 55 | Ilnacruuku Kupnuunoro | C,;H,,O,N; ** |18,84 |13,97 
uBeta 
—N—Pik |105—107/ 40 | Menkue npusmbI noutH CysH,gO,Ns [14,16 }14,0 
E yepHoro Beta 


*  Hatineno %: C 
Briuncneno %: C 
**  HatiqgeHo %: C 
BpiuncneHo %: C 


{00 


- 
f 
‘KOHMeHTpaliMs Qupenuamuna 6-10-' mMonp/a, Temneparypa onpita 40,0°, 
‘TepmoctaT Bo6sepa). 

_ -Pesyptatst PoTOKOJOpHMeTpM4ecKHX H3MepeHHii, yKasbIBaIONMX Ha cpaB- 
HUTeJIbHY!O CKOPOCTh ervApUpoBaHuA AupenuaMuna pasiMyHbIMM paluKasa- 
‘MH, IIPHBeJeHbI Ha pH. 

Kak BHJHO M3 IIpHBeJeHHEIX Ha puc. 1 KpHBIX, AudeHusAaMHH B YCOBMAX 
OMbITa HauOoslee AKTHBHO JeruApupyeTca KapOa3so0nbHbIM pauKasiom (I) u He 
Meruspupyetca paluKkanamu  (III6, 

B),  cosepxKanlumn MeTOKCHJIbHbIe TaOuuna 2 
TpyMbl. QiekTpoHosoHopHoe BMAHHE 


| MeTOKCHJIa, OUCBHHO, CKa3bIBaeTCH B 
i] YBeJIMYeHHM SJIEKTPOHHOHM IIJIOTHOCTH y Paguan Arg ai. 
] %-aToMa a30Ta, ¥TO OOecneuHBaeT OOuIb- - 
|.mlee B3avMojelicTBHe HecilapeHHoro ox 
‘duIeKTpoHa B-aTOMa a30Ta C 9JIeKTpO- , ee 
‘HaMH a-aTOMa asoTa, T. e. OoVvIbIIy10 ee ae 0,52+0,04 
eNOKAMUs allio HECIapeHHOTO IJIEKTPO- os 
: ‘Ha U TeMCaMbIM OOYCJIOBIMBaeT MaJlyt0 tO Shr as 0004 
PpeaKIHOHHyt0 cnocoOHOCTb, MOBbIINeH- ey ; 
‘HY! CTaOUNbHOCTh STUX paHKaJOB. C } 
EctecTBeHHO, 4TO HapsAy C 3/IeKTPOH- N 
‘HEIM BJIHAHHEM Tpynl urpaeT poulb UH ta ga lt 
IIPOCTpaHCTBeHHOe CTPOeHHE OCTATKOB. es! Na, ee 1,41+0,04 
OTH CJIOMKHbIE B3AHMOOTIICHHA MEK yy, 
SIKTPOHHBIM =H NpOCTpaHCTBeHHDIM O 
CTpOeHHeM, C OMHOM CTOPOHbI, H CcTa- 
OWJILHOCTbIO MMKPHATHpasHJIbHbIX pa- cHo—~Y—N—N—Pik 9, 6-+0,04 
WWMKasOB —c pyro, M0-BUHMOMy, a ee 
OyAYT MpOACHATHCA M0 Mepe NowyueHHs @ 
HOBbIX SKCIICPHMeCHTAJIbHbIX JaHHBIX. \ 

B ta61.2 mpupegeHbl pesyibTaThE 445 FZ WZ W_n—n—pPik ; 
W3MePeHHA WIMpHHbI JIMHUH 9. 1.p.mo0y- Nee Nee | ison i 
HeHHBIX paguKaJOB MexKy TOUKaMH Mak- # | 
cuMasbHoro HaksoHa AH, y, . Usme- N 


PeHHA MpoBosusuch B ciaObIx NOMAX 

‘y= 20 apcr. B KpucTasmMyecKHx OOpas- 

Wax pauKaioB Ha ycTaHoBKe, omMcaHHO paHee (°). Kak BHHO M3 aHHBIX 
TaONMUb, WHpWHa JHHMM MoriowleHua, XapakTepu3ylollad BeMUHHy OOMeH- 
HBIX B3aMMOJeliCTBULi HecMapeHHoro 3/IeKTpOHa B KPHCTaIMYeCKUX OOpastax 
“M3YYCHHHIX pauKasOB, yKaqbIBaeTCA B TOM Ke NlOpsAyKe, Kak HM JaHHble PoTo- 
KOJIOPHMeTpUpOBaHuA Mpollecca JervpHpoBaHuA AMpeHWaMHHAa STHMU payu- 
KasiaMu. 


' YpanpeKxui momuTexHuueckui HMHCTHTYT Tlocrynuo 
‘ A um. C. M. Kuposa 26 IX 1960 
i 
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Jloxrnann Akayemun wayr CCCP 
1961. Tom 137, N: 1 


XHMH fA 


Axanemux A. H. HECMESAHOB, B. A. CASOHOBA u B. H. J{PO3I 


O PEAKHWUAX TAJIONJONPOMUSBOJHbIX ITHJI- 
HW AWETYJI®EPPOWEHA 


B HacTostleh pa6oTe u3yyeH OOMeH OpoMa Ha HyKJieouIbHbIe TpyNnb B 
MpHCyTCTBHH come Mequ B 1’-Gpom-l-aleTHdeppolene u 1’-6pom-1l-sTHdep- 
pouene. 1’-Bpom-l-anetrumeppoueH nowyyeH alusupopanvem Opom@ep- 
poleHa YKCYCHbIM aHrHApHIOM B MpHCyTCTBHH PocopHOH KUCJIOTHI, MOOOHO 
NOJIYYeHHIO alleTHsdeppouena (1), c 54% BbIXOOM: 


(CH,CO,)O 


C3;HsFeC;H4aBr = CH3sCOC;H4FeC;H4Br. 


H,PO, 


AlleTHIbHad rpymna HaxOLuTCA B APyrOM WHKMONeHTAaHeHUJIbHOM KOVIbIe, 
4TO MOATBepxKIeHO OTCYTCTBHEM B H.-K. cnekTpe yactoT 1000 u 1100 cm-!, xa- 
PaKTepHBIX JIA COEMMHEHHH tbeppolleHa C He3aMeLLeHHbIM ILMKJIONe€HTAaIMeHHJIb- 
HbIM KOJIbI[OM. 

Oxka3asiocb, 4YTO OpoM B STOM COeAHHEHHH 3aMeHAeTCA Ha alleTOKCH-rpynny 
B IIPHCyTCTBHH alleTaTa Me2H ropa3qo TpyfHee, 4em Opom B Opomdeppomene 
(7); Hake 5-uacoBoe KHNA¥eHHE PeareHTOB B BOAHOM CHUpTe He MpPHBOAHT K NON- 
HOMY Hcye3sHOBeHHIO rasouya. UTOObI OTAeENHTb MpOAyKT peaKUHU OT HeMpopea- 
rupoBaBluiero 1’-6pom-l-alleTuideppoleHa, peakIHOHHaA cMeCb NosBepramach | 
rHpouH3y, H Bbiqensasca 1|’-oxcu-l-aleTHndeppolleH; nMocweqHHH xopowio OexH- 
sousupyetcea no Worrex-BaymManuy 

CH;COC;H,FeC;H,Br penta CH;COC;H,FeC;H,OH 
Pte KOH, C,H,COCI! 
CHsCOC;H4FeC;HsOCOC,H; 


Ecau 1’-6pom-l-anetudeppoleH BocCTaHOBHTb, 4YTO OYeHb JerKO (B Teye- 
HHe 5 MHH.) ocyulecTBIseTcaA 110 Kaemmenceny, 0 1’-6pom-1-sTuicdepponena, 
TO TraJloH, B MOJYYeHHOM COeAMHEHHH OGJlayaeT MpHMepHO TOH Ke NOLBHXK- 
HOCTbIO, 4YTO H OpoM B OpomdeppolleHe: MerkO 3aMeHAeTCA Ha alleTOKCH-, PTav- 
HMHO- MW WHaH-rpynnbl MpH HarpeBaHHH C COOTBETCTBYIONIMMH COJIAMH Mel 


cOCHs)2 C2HsC;HaFeC;HgOCOCHs 
cu © = 


CeH;C;HaFeC;HaBr or—Cu C.H;C;HyFeC; Ha—N | ) 
ey SS “aad Oo 


G 


ee C3H;C;HaFeC;HaCN 

1’-Anetoxcu-1-sTumbeppoleH, Tak 2Ke Kak M cbepporeHusauerat (*), rHyzpo- 
JIM3YeTCH UleOUbIO, pH 9TOM OOpasyetca 1’-oKcH-1l-sTHIdeppoleH, KOTOPbIi 
Oex30uMpyetca mo WWorrex-baymManuy B_ 1'-GeH30us0Kcu-1-sTHdbepponeH. 
1-[[vau-1’-sTudeppoueH rugzposusopan B_ 1’-3THceppoueH-1-KapOoHoBy10 
102 


CJOTY, UeHTHUH Yt C KUCAOTOI, nomyaeHuou H. A. HecmesHospim u O. A. Pe- 
}ToBbim (*) BoccTaHoBseHHem 1’-aleTusdeppomen-l-Kap6oHoBoli KHCJIOTEL. 

|| 1’-@ranumuyo-l-sTunhbepponen npu HarpeBanuu C TH{pasHHrMApatom jaer 
<mkui 1’-amuHo-l-sTudeppoeH, KOTOpIii atleruuposan B 1’-aleramMHHo- 


| -sTumdbepporex. 


* 
™ 
wh 
'V’-Bpom-l-anetuagdeppouwen. Cwmecs 10 r Opomieppouena, 
0 ma ykcycHoro anruypuga uv 10 Ma tbocpopHoli KHCJIOTHI (H3 2 uacTeli 85% 
JsPO. w 1 uacrn P2Os) HarpeTa Ha KHMALeH BOLAHOM Gane np nepeMelmMBaHMH 
TeveHwe 5 MHH., OXJlaxKJeHa JIbIOM H BbIIHTa B pacTBop comp. Ilocue Hei- 
| eae CMeCb SKCTparHupoBaHa sc*upoM, 2PupHad BbITAKKA MpousbTpo- 
jaa, IpoMbiTa Bosol, BLICyueHa Hay, MgSOs, u acdup ororHaH. OcTaToK pacTBo- 
6H B HeOOJIbIIOM KOJIMYeCTBe OeH301a, pasOaBJeH NeTposeiHEIM 39PupoM H 
(pomatorpadupospan Ha AleOs. Terpouelinpiii atup BEIMpiBaeT Hempopearnpo- 
WMH Opomiep poten, OeH30/1 uM sup — bs -6pom-1-anerusdepponex. Io- 
eHo 6,2 r 1’-6pom-l-anerusdepponena (54% or Teopuu), T. nu. 61,5—63° 
|3 rexcana). Keron xopouio pacTsopuM B Gexsouie, acpupe, cmupte; TpyzHee — 
j neTposelinom supe. 


QIKCNeCPHMCHTAABHAA WAaCTh 


' Hapeno %: C 47,24; 47,22; H 3,82; 3,70; Br 25,46; 25,76; Fe 18,26; 18,15 


SeHuFeOBr. Beruncneno %: C 46,95; Hiva,6t; Br 26,03; Fe 18,20 


Tlomyyen oxcum c T. mu. 109,5—111,5° (43 BogHoro cnuprTa). 


tt Hatiyeno %: C 44,68; 44,79; H 3,78; 3,76; Br 25,02; 25,20; 

Fe 17,80; 17,81; N 4,07; 4342 
» CyHisFeOBrN. Bpruncaeno %: C 44,76; H-3, 76; Br 24,82; 
' Fe 17,34; N 4.35 


' V-Oxcu-l-anetuadepponen. K xkunsamemy pactsopy 1,0 r 
}1’-Gpom-l-anerumdeppoueHa B 20 ma cnupta AoOaBeH ropsuui pacTBop 3 r 
alieTaTa MegqM B 20 MJ BOLI, H CM€Cb KHNATHJACb NOM aS0TOM Ha BOAAHOM GaHe 
B TeueHve 40 MHH. SaTem cmecb pa3OaBJieHa BONO, 9KCTparupoBaHa Spupom, 
}5up NpoMBIT HeEOOJIbIIMM KOJIMUeCTBOM BOJIbI, BbICyIeH Ha MgSO, xu orornaH. 
OcTapiieeca MaCIO aeT NOMOKUTeMbHYIO Mpooy Ha rasouy. OHO rH pomM30BaHO 
fio, asoToM mpw KunaueHuu (10 mun.) B pacTBope 5 ma cnupta u 10 ma 
110% KOH. Cnupr orornan. Henpopearuposasuimii KeTOH 9KCTparapoBaH 
Podupom; momyyeno 0,23 r Kerona. Uepes mesouHou pactBop nponyujen COs; 
1’-oxcu-1-anetunceppoter 9KcTparupoBaH S*upom; sup MpoMbiT HeOobUIMM 
KOJIMUECTBOM BOJbI, OTOTHAH HO a30TOM, a OCTATOK MepeKpHCTa/1H30BaH 

ma, Ne u3 Bogut. Tlonyyeno 0,21 r_ i’-oxcn-l-anerunbeppouena (26% of 
Peopun), T. nm. 115,5—118,5° (moq a3zoTom). 


& Hatigeno %: C 58,65; 58,54; H 5,02; 5,08; Fe 23,09; 23,09 
: é CysHy2FeOo. Buruticteno %: C 59,05; H 4,96; Fe 22,88 
it 


Ha sBosmqyxe HeCKOMbKO ycTOWuHBee, YeEM OKCHWeppolleH; MerKO OKHCJIAeTCA 
B pacrpopax. 

K l’-Ben30un70KcH-l-aneTHagdepponen.  1’-Oxcu-l-ane- 
THnep poner (0,21 r) pacrBopex B 10 ma 10% KOH u OcH3OHJIMpoBaH no L[or- 
eu-Baymanny 0,5 ma xsopuctoro Gexsoua. Tlonyyeno 0,23 r 1’-6eH30nn- 
cu-1- -anerirbeppouera (77% oT Teopun), T. m1. 84—85° (“3 cMecH WHKJOreK- 
aHa c rekcaHom 2: 1). 


Hatiqeno %; C 65,50; 65,74; H 4,66; 4,67; Fe 16,07; 15,83 
CigHigO3Fe. Brruncmeno %: C 65,54; He4, 63% Fe 16,04 
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1 -Bpom-l-a3THaAdmepponwed. 8T WHHKOBOM MbIIM amMasbramy 
popano 0,8 r cyiembI B 32 Mu pasOaBnenHol HCl (1 : 20). Uepes 10 mun. xu 
KOCTb CeKaHTHpoBaHa, LoGaBseH pactBop 2,0 r 1’-6pom-1l-anerudepponen: 
B 20 Ma yKcycHoit KucuioTHI Hu 20 Ma Kona. HCl. CMecb KHNATHJIacb C OOpaTHbl 
XOJIOMUJIbHHKOM OKOJIO 5 MHH. JO HCuYe3HOBEHHA TEMHO-BUMLIHEBOH OKPacKI 
KeToHa. SaTeM CMeCb OXJaxKeHa, OT*HbTpOBaHa OT WHHKA, WHHK MpOMBbI 
apupom. OusbTpaT pasOaBeH BOMOH, SKCTParHpoBaH SPMpOM; CoeAMHeHHBI 
3(PUPHbIe BLITAAKKH MpOMBITH! BOLO, 10% KOH, Bogoi, u sup ororuan. Octal 
TOK B A-reKkcaHe xpomatorpadupoBaH Ha AleOs; rekcaH OTOrHaH, BelLecTB 
neperHaHo B Bakyyme. Ilomyyeno 1,46 r (77% or Teopun) 1’-6pom-1-sTudep| 
pouena. T. kun. 110—112° (1,2 mm); n¥$ 1,6238; di 1,5584. 


Hatigeno %: C 49,42; 49,35; H 4,55; 4,54: Br 27,34; 27,23; Fe 19,28; 1935 
Cy2Hi3sFeBr. BaruuceHo %: C 49,18; H 4,47; Br 27,28; Fe 19,06 


O6meH rasoujza B l’-6pom-l-3THAhepponene H 
OoKCH-rpynny. l’-Ben30unn0KkcuH-l-9THAGeppone 
K kunsmemy pactsopy 1,3 r 1’-6pom-l-sTumdbeppouena B 35 Ma CnupTa Jo 
6aBJIeH TOpAYHH pacTBop 3,5 1r alleTaTa MeJH B 3D MJI BOMbI, H CMeCb KMNATH IAC 
Ha BOAAHOH OaHe B TeyeHHe 15 MHH. PeakWHOHHadA cMecb pasOaBJeHa BOOM 
9KCTparnpoBaHa 2upom; SPupHaA BbITAAKKA MpompiTa Boo, 5% KOH, Bogo 
BbICylieHa Hat MgSOa, sup oTorHaH. OcTaBileecA MaCJIO He COMepxKUT FavJioH 
ya. 1’-Aneroxcu-l-stTumdeppolleH pH meperonke B BakyyMe pH 1,2 MM u 
MeHAeTCA, H NOITOMY OH HCNOMb30BaH JWIA abHeliwieH padOoTbl HeneperHa 
HbIM. 

Pactrsop 0,3 r 1’-ameroxcu-l-asTHdeppoueHa B 4 Ma cnupta u 4 ma 10% 
KOH kunsatusica B TeyeHve 15 MHH.; CNHPT OTOrHAaH, paCTBOp OXJIaxKeH 
oTpHuibTpoBan. IIpu mponyckanuu COe2 1’-oKcn-l-aTumdeppouen Bbifenserc} 
*KHAKHM. OH CHOBa pacTBOpeH B WeOuH HW OeH3onMpoBaH No Ulorren-Bay, 
maHHy. Ilouyyeno 0,26 r (71% oT Teopuu) 1’-6eH30nN0KcH-1-sTHIdeppoleH2 
T. mu. 42,5—44,5° (v3 MeTaHO/Ia MpH OXslaxKeHHH CYXHM JIbJOM). 


Hatigeno %: C 68,33; 68,27; H 5,43; 5,44; Fe 16,75; 16,04 
CygHigFeOs. BaruucueHo %: C 68,28; ales E4ee Fe 16,74 


l’-OTrTanumMmufgo-l-3THAdeppowen. Cmecb 0,5 r 1’-6po 
l-sTumdeppouena c 1,5 r branumuga Mequ Harpeta nog a30Tom mpu 135—140 
B TeyeHHe 1,5 uac. SaTem cMeCb MHOFOKpaTHO IIpoMbITa sdupoM. OdupHa 
BbITHKKA TULATeIbHO Mpompita 10% KOH, Bogol, Bpicyuiena Hag MgSO. 
uM ocdup oTorHaH. OcTapilieecd TeMHO-KpacHoe MaCJIO raouya He COLepKHT 
IPH BbICYLIHBaHHH B BakyyMe Hay P2Os kpuctanausyetca. Tlonyyeno 0,44 
(72% oT Teopnu) 1|’-pranumugo-l-sTundepponena, T. mu. 81,5—82,5° (H3 Me 
TaHOJa). 


Hafigeno % 


: GC 66,90; 66,72: Hi 4:75: 4,705 Fer45, 78: 15,67; N 406s 
CoopHy;,FeO2N. Baruncseno %: C 6 ; 


6,87; H 4,77; Fe 15,59; N 3,90 


l’-AnetamuuHo-l-astTuadbepponen. 0,4 r 1’-pranumuzo- 
STH IeppolleHa B 6 MJI CNMpTa KHMATHHCb Nox asoTom c 0,6 Mi ruqpasHHrHy 
pata B Teyenve 30 muH. Cmecb pasOaBJieHa BOAO, 9KCTparHpoBaHa SPHpPoOM 
adup npompit 10% KOH, pogo; amuy u3Bseyen 10% HCl, npu yobOannenu 
IeJIOUNM BbIeIAeTCA B Bue Macuia 1’-amuHo-l-sTHIdeppoleH, KOTOPHIH M3BUJIE 
yeH ocpupom. Ilocae oTronKu acdupa nmomyyeno 0,19 r (77% oT TeopHH) amuHa 
KOTOpbIH allMiMpoBaH 0,7 Mu yKcycHoro aHruypuya B 1,5 Mia6c. nupuyuHa 
Ilosnyuyero 0,19 r (85% or Teopun) 1’-ayeramuHo-l-sTHIcdeppoueHa, T. nd 
69,5—70,5° (H3 cmecu OeH30a c rekcaHoM 2: 1). 


Haltizeno %: C 62,15; 62,05; H 6,37; 6,52; Fe 19,90; 19,90; N 5,48; oa) 

CysHi;7FeNO. Brruncaeno %: C 62,01; H 6,32; Fe 20,60; N 5,47 
1-Iuaun-l’-a9Tunadmepponen. Cwmecp 0,4 r 1’-6pom-l-stTudep 
pomena c 1,5 r wHaHucToH Mequ Harpeta nox asoTom mp 135—140° B Teyenu 
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; 50 mux. PeaxwwonHas cmecb mpompita abupom, acup UcMapeH, H OCTaTOK xpo- 
} MaTorpaduposan Ha Al2Os. Ben3ou Bpimpipaet 1|-unan-l’-stTumdbeppouen. Ilo- 
' ayueno 0,26 r (80% or Teopuy), T. m1. 28—29° (v3 rekcana npv oxmaxKeHuHn 
CyXHM JibjoM). 


¢ b. Hanseno %%* C 65,25; 65,25; H 5,45; 5,767 N 5:72: Fe 23,72; 23,57" 
iz CysHisFeN., Brtuucmeno %: C 65,30; - H 5,48; N 5,86; Fe 23,36 { 


Tloce MHoroyacoBoro rufpouu3a B BOLHO-cnupToBom pacrsope KOH npu 
‘Kunsauenuu monyyaetca 1|’-sTundepponen-1-Kap6onoBas KuCcuoTa, T. na. 74,5— 
76,5°, cMewiaHHad mpo6a c 3aBeombim oOpa3i0M naBuTcA 6e3 -WempeccuH. 
| JluTepatypHpie Januple: T. nt. 75,5—77,5° (4). 


MockosckHit YTocyjlapcTBeHHbI yHHBepCcuTeT Tjocrynusio 
uM. M. B. Jlomonocosa 2 XII 1960 
ea HWHMTHPOBAHHAH JIMTEPATYPA 


' 14P.J. Graham, R. V. Lindsey et al., J. Am. Chem. Soc., 79, 3416 (1957). 
*A.H. Hecmeauos, B. A.Casouosa, B.H. Lposq JAH, 130, 1030 (1960). 
MmasehwwitecMeéanos, B. A.’Casouopa, B. H. Dposx, TAH, 129. 
1060 (1959). 4H. A.Heéecmesuos, O.A.Peytop, JAH, 115, 518 (1957). 
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Jloknuann Akayemun wayk cccP 
1961. Tom 137, Ni 1 


XHMHA 


Hux. A. HECMESHOB u B. H. CTPYHHH 


CY JIb®PHPOBAHHE AWWJIbHbBIX H KAPBMETOKCHJIbHbIX 
NPOH3SBOAHbIX ®EPPOWEHA 


(II pedcmaeaeno akademuxom A. H. Hecmeanosoim 15 X 1960) 


HeqaBpHo MbI nosmyuuiH 1-Kap6oxcudepponen-1’-cybdoHoBy1o KHCJIOTY u 
onucasH pA ee mpousBosHbix (?). B Hactosmel paOote peakuua cybdbupoBa- 
HUA BepBble pacnpocTpaHeHa Ha JpyrMe coequHeHUA depporena. 

1,1’-J/uKapOmeroxcnudeppoleH yaslocb NpocybupowaTh pacTBopoM cep- . 
HOrO aHrHuypua B AuxopsTane. K 0,025 moa stToro adupa B 50 Mua AuXvopata- | 
Ha JloOaBuIM B TeyeHHe aca pactBop 0,037 mow cepHoro aHruspHa B TOM x%xKe 
pacrsoputene mpu O°. Tloce nosyTopayacoporo nepememmBaHua mpu 20° 
MpOLyKTbI peaKUMH H3BIeKIM BOLO, HSObITOK CepHOH KUCOTbI OCaLMJIM XJI0- 
pucTHIM OapHeM, MH NpospayHoMy pacTBopy aM McnapuTbea B TOKe TensOro 
BO3AyXa MOUTH Jocyxa. OcTaBuIMecA *KeJITbIe KPUCTaMIbI MpOMbIAM Ha CubTpe 
alleTOHOM H ad@upom. Brrxog 60%, cuutTad Ha 4MCTYIO CympcboKucnoTy I. OqHaKo 
CyJIbC*OKUCIOTAa COJepHKUT SHAYHTEJIbHYIO MpPHMECb ee *KeNesHOH CoH, OOpa3so- 
BaBlUeHCA MpH YaCTHYHOM pa3spYyUIeHHH cbeppowena. Cyabdokucsota I Opa 
WeHTHPHUMpoBaHa B Bue; ee XOpaHrHApHya. Xvuopanrugpuszy deppo- 
IleH- CYJIbPOHOBLIX KHCJIOT, XOPOMIO MoOyyaloTca cekyrouluM cmocobom. 


com OE 
Bree. 

Fe . 
<b>—co0c Hy | 


K sspecH 0,01 Mousa cyabcoKucaoTEi (HH ee CBHHIOBOH com) B 15 MA 
mMxsopstana joOaBuu 0,05 Moa PCls, uepes 30 MuH. JoOaBuIH NOpuuAMH 3a 
1 yac 0,015 mous PCl;. [locne uacoporo narpepanua pH 50—60° cmecb mpo- - 
QUJIbTPOBaIH, pacTBOP NO OXNaxKAeHHH OOpaboTaMH MeLAHOM BOO, MPOMBIIH 2 - 
pasa Bool u 1% pacTBopoM CojbI, BbICYIIMIM Ha XMOPHCTHIM KaJIblMeM, U 
pacTBOpHTeb ya BTOKe BO3qyxa. XJopanHruspuy ceppouen-1,1’-qucyab- 
(pOHOBOH KUCJIOTHI Obl NMowyyeH c 95% BHIXOOM (H3 ee CBHHILOBOH CovIN). 
Bpixol xJlopanruypuga cyabokucsote I coctapasn 50%, cuvTad Ha 4MCTYiO 
HCXOMHY10 CyJIbPOKUCIOTY. OTOT XMOpaHruApHA Obl MepeKpHcTaJIM30BaH U3 


adupa, OyTHJOBoro cnupTa WH cMecH 3THX pacTBopHTenel (1: !), nocue 4ero 
uMewl T. mua. 96—97°. 


Hafiqeno %: C 42,17; 42,01; H 3,38; 3,34; Fe 14,01; 13,79; Cl 8,95; 8,77. 
CysHy306ClFe. Beruucneno %: C 41,97; BRA Fe 13,94; Cl 8,85 


Yxe llocule NepBoli nepekpHcTanM3allMu TeMMepatypa MiaBeHHA MOBbIMaeTcCA 
JIMIIb H€3Ha4HTeIbHO; 3TO, BEPOATHO, TOBOPHT O TOM, 4TO MbI HMeeM JleJIO C 
OJHHM H3 JBYX BO3MOMKHBIX H3OMePOB, KOTOPbl€ MOFJIH OOpaso0BaTbcA B pe- 
3yJIbTaTe CyJIbpupoBaHHUA. 

Kasaslocb BO3MOXHBIM, ¥TO pH cysbpuposanun 1,1’-qHanerumdeppouen 
OyeT BecTH ce6s moqo6Ho 1,1’-4uKapOmetoKcudeppomeHy. OfHaKko P pe3yJb- 
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fave STOM peakuMu* HM nocueqyiomelt o6paGorKH ee nposxyKToB PCls Ham yya- 
NOCb BbICUTh TOJIbKO cbeppouen-1,1’-nucynpdoxsopuy c 25% Bpixogom (75% 
Ha BOWeMUMK B peakiuio — 1,1’-quanetumbepporen). 


Hatiyeno %: C 31,60; 31,78; H 2,14; 2,05; Fe 14,63; 14,43; Cl 18,90 18,57 
CioH,O4S2Cl.Fe. Brruncneno %: C 31,55; FLA t Oe Fe 14,58; ; Cl 18,51 


Takum o6pa3om, o6e alleTHJIbHbIe TpyNlbl, 3amMecTHIHcb Ha cysbborpyn- 
mpi **. Ckopee Bcero, cHauaa oOpasyerca CMelmIaHHblii aHrHApHy Mo cuelylouled 
cxemMe 


COCH, Ay ,COCRy FS Scoeh 
Rae hale meg 
10" S=O- ah 


rh aS & *o 
ole Me: 


OTOT aHrHApHA MerkKO ru~posusyerca MpH nocuelyiomeii obpadorKe. 
| Ip wanwunu B allMbHEIX 3amecTuTenAx Gouee TPpOMO3SLKHX paNKaJOB, 
TaKUX Kak @eHH WIM WHKNOreKcHJ, yxKe He NPOHCXO_UT 3aMeHbi alusia Ha 
cysborpynny (BEPpOATHO, BCJIeCTBHe MpocTpaHcTBeHHBIX 3aTpyHeHMil). 
1,1’-]{nOexsouseppomeH mpu o6paGoTke cepHbiMm anruxpuom B AuXsOpsTaHe 
(B Tex 2Ke yCJIOBHAX) He H3MeHseTCA, 1, 1’-qu-(rekcaruppo6en30u.1) -cbep pollen 
paspymiaetca Ha 45%, u 40% ero BosBpamlaetca 6e3 u3mMeHeHua. Tlocnequnit 
M3 9THX KeTOHOB Obl NoyyeH Hamu no Dpugemo — Kpadrey c 30% BbIxo- 
Jom. T. na. 135—135,5° (u3 cnupra). 


Hatizeno %: C 71,42; 71,33; H 7,58; 7,60; Fe 13,61; 13,17 
CosH39O02Fe. Brruncaeno %: C 70,94; F144: Fe 13,74 


AuetubeppoueH MbI mpocybbupoBasu WuOKcaHcysAbtoTpHOKCHOM B JH- 
xXmOpsTaHe, MC BHIxofom 50—60% novwyuunn 1-aneruacbeppouex-1’-cybpo- 
HOBy!0 KHCJoTy. K pactBopy 7 r aletuadeppouena B 50 Ma AuxsopsTaHa Jo- 
anus mp O° B3Becb AHoKcaHcybhotpHvoKcusa (us 3,1 r quoKcana u.3,0 Tr 
SOs) B 25 Ma Quxnopstana. Ilocae uaconoro crosHusa pH 0° u 5-yacoBoro npu 
20° MpOAYKThI peakIHu H3BJeKJIH MHHMMAJIbHBIM KOJIM4eCTBOM BOsbI. Boits>KKH 
MpOMpIM XJIOpodopMoM, H BOAHOMY paCTBOPy aM MCMapHTbCA B TOKE BOSLyxa 
@ocyxa. OcTaToK MHOrOKpaTHO MpOMBbIJIM alleTOHOM, MowyuHH 2,3 LF 30/10TH- 
CTLIX KPHCTaIOB, MpelcTaBrstouux coOol, mo Bcel BHAMMOCTH, *KesesHy1o 
comb 1-anerumdeppouen-1’-cymbPoHOBOH KHCJIOTbI, KOTOpylO NepekpHcTaJJIu- 
S30BaJIM M3 YKCYCHOH KHCJIOTHI. 


Hafigeno %: C 38 11; 37,92; H 4,04; 4,10; S 8,28; 8,36; 
Fe 22,93; 22,67 
CosHo2SeOgFe3-5H.O. Brruncneno %: 37,93; H 4,24; S 8,24; 
Fe 22,04 
' AverouHEi pacrsop (nocsle NpoMpIBaHHA KpucTamOB) Cofepxan cBoboy- 
y!0 cysmbdoKucsoTy. Dror pacrBop Opi oOpadoTaH M3ObITKOM AMasoMeTAaHa 
B oupe. Ilonyueno 2,4 r metusozoro aupa 1-aneruudeppouen-1’-cybouo- 
|woit Kucaorer. [loce Tpex nepekpucTanausaunit us MeTaHoua T. MI. 79,5—81". 


Haitigzeno %: C 48,40; 48,47; H 4,36; 4,28; S 9,82; 9,84; Fe 17,70; 17,97 
\CysHya SOgFe. Buruncuieno %: C 48,49; H 4,238; S 9,95; Fe 17,34 


V.-k. cnextTp 2Toro supa moKaspiBaer, YTO Cybiorpyina HW alleTHJI Haxo- 
| aTca B pasHbIX WHKNAaX MOJeKyJIbI deppolena. Ilpu cymbcdupoBanun alleTH- 


TpH TepemelHBaHHH (0°) 0,09 moa SOs B 100 Ma Quxs1opaTana. Uepes 2 uaca mpu 0° un 2 4a- 

mipu 20° peakuHoHHyl0 Cmecb O6pa6oTaH, Kak 9TO ONHCAHO TIpH NOyYeHHH cybtpoKucsoTEl I. 
_ + ** Tlono6unii pesybTaT Obi Moye Kpekesepom B 1886 r. mpH cybdpupoBanHH aLeTode- 
‘|HoHa nupocepHoit KucuOTOI (7,°). 
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. a * Ycnosua peaxunu: kK 0,06 mona 1,1’-quaneTHmdeppouena B 150 ma WuxNopstana 106aBH- 


dbeppotleHa B Oosee %KeCTKUX YCJIOBHAX (H3ObITOK CepHoro aHruspusa, B AM 
xJlopsTaHe, HarpeBaHve npn 60—80°) Hapayy c l-anerundepponen-|’-cynnco 
HOBO OOpasyetcs ceppoueH-1,1’-qucybpoHoBad KuCIOTa, HeHTHpULMpOBaH 
Had B Bue ee MeTHOBOrO 9cPupa, 

TakuM OOpa30M, MpOHsBOAHbIe deppollena, cofepxKaulve OHH 9d/IeKTPO 
(busbHbit 3samecTruTestb (—COOH uma —COOCHs (1), —SOsH (*) ua 
— COCHs), ruiaqko CcyJbdupyloTcA MMOKCaHCYyJIbOTPpHOKCHAOM Ha xoOJIOL 
IPH 9TOM 3aMeleHHe HeT B CBOOOMHOe KOIbNO. Ec B OOOMX KOUIbIaX dep 
poleHa HMeIOTCA BCKTPOPHJIbHbIe 3aMeCTHTeNH, peakUHA saTpyfiHAeTcA. Ta 
apup deppouexn-1,1’-quKapOoHOBOH KHCJIOTHI CyJIbcupyeTcaA CepHbIM aHrHyp 
JOM B JHXOpsTaHe, HO He JMoKCaHcybdboTpuoKcHyom. 1,1’-quaneTusde 
poueH He cysIbcdupyetcsa, HO OOMeHHBaeT ALleTHJIbHbIe Tpynnbl Ha cybcdorpyn 
mb; 1,1’-4H6en30n — u 1,1’-qu-(rekcaruypo6eH30u1)-peppoueHbI He CyJIbipH 
pyrotca. Ham He yaocb npocysbdupoBatTb u deppouen-1,1’-qucybdoxs0py, 
HH H3ObITKOM CepHOro aHrHpHa B AMXxvopstane (KuMAueHHe, 3 4aca), HH H 
rpepaHvem (50°) c 40% ovseymom. 


MockoBcKHit TocyfapCcTBeHHbI YyHHBepCHTeT Tloctynuio 
um.) M. B. Jlomonocospa 26 X 1960 
ITHPOBAHHAA JIMTEPATYPA 


1 Hux. A. Hecmesauos, O. A. Peytos, Mss. AH CCCP, OXH, 1959, Ned 
926. #2 K. Krekeler, Ber., 19, 674(1886). ® K. Krekeler, Ber., 19, 262 
(1886). *A.H. Hecmeaxuos, 3.7. TWepesanosa, CC. 4ypauos, JAH 
114, 335 (1957). 


108 


Moknager Akanemun nayr CCCP 
1961. Tom 137, Ni 1 


XHMH fl 


C.. M. CKYPATOb n Cc. M. WITEXEP 
_HEKOTOPOE; YTOUHEHWE! SHAQVEHHS NMOCTOAHHbBIX B CXEME | 
B. M. TATEBCKOFO] JIA PACUETA TENJIOT TOPEHHA AJIKAHOB 
(I[pedcmaenexo akademurom A. A.-Baaandunoim 16m1X=1960) 


Jima pacueta pala dv3HkoO-xuMMYeCKHX CBOHCTB aJIKaHOB, B WaCTHOCTH 
TeNAOT UX TOPeHHA, B HaCTOsSIee BPeMA MpelMORKeHO HECKOJIbKO ALMTHBHBIX 
iexem (*-™). Ognoli u3 HavGomee MocexoBaTebHbIX HM aloulel Xopomue co- 
‘BMaqeHuA C OMbITHBIMH JaHHbIMH ABJIAeTCA CxemMa, MpeqioweHHan B. M. Ta- 
‘TesckuM (°), 

» B sro cxeme sce caa3su C — C un C — H B Mouiekyuie amkKaHa pa3mmuatoTcs 
B 3aBMCMMOCTH OT TOFO, ABJIAIOTCA JIM yUaCTBYIOUlHe B HHX AaTOMbl yrsepowa 
MepBuunpimu (Ci), BropHyHbiMH (Cz), TpeTHuHbIMu (Cs) WIM 4eTBepTHYHBIMH (Cs). 
|} Takum oOpa30M, BO3MOXKHbI JeCATb NOATHMOB yrsepos-yrepoqHOH cBaAsH: 
Ci— Ci (ToWbKO B 3TaHe), Ci— C2, Ci— Cs, Ci— Ca, C2— C2, C2— Ca, C2o—Ca, 
'Cs— Cs, Csa— Gi, Ca— Ca Tp nogtTuna cBan3sH C — H: Co—H (toapko B 
meTaHe), Ci— H, C2— H, Cs— H. 

UncnenHoe 3HaueHHe HEKOTOPbIX (pPH3HKO-XHMHYeCKHX CBOHCTB aKaHa (r0- 
Ka3aTeJIb IIPeJIOMJIEHHA, MOJIeKYJIAPHbIN OObeM, TeNvioTa ropeHuA H OOpas3o- 
BaHHA HW Ap.) MO%KHO NOJyIHTh CyYMMHpOBaHHeM HEKOTOPbIX KOHCTaHT — «BKJIa- 
flop», MpHXOAAWMXcA Ha oO WepeyHCJIeHHLIX MOATHMOB yrviepodl-yruepor- 
HbIX cBxseH («BKab™ cBaseii C — H B 9ToH cxeme pacnpefeseHbl MO «BKJIa- 
flam» cBa3sei C — C). 

UucnoBple BeIMUHHbI KOHCTaHT «BKJIaOB», MpHxXOMAUHecd Ha KarKLy10 
CBA3b, MOryT ObITb HalieHbl MPH COMOCTaBJIEHHH COOTBETCTBYIOWIMX ypaBHeHH 
C OMbITHLIMH aHHbIMH,. 

_ Tpupegem sprmucnennpie B. M. TatTescKHM BeJIMYMHbI BKJaOB COOTBeT- 
| CTBYIONMX CBAZeH MIA pacueTa TemJOT ropeHuAa (mpu 25°) amkKaHoB B ra3006- 
‘pa3HOM H %KHLKOM COCTOAHHH: 

Tlomrunni cpase&# C,—C, C,—C, C,—C, C,—C, C,—C, C,—C, &,-—-C; C;,-—C, G—G 
 Bkaaqu 

2K HIKOCTb 263,238 226,993 208,679 156,234 120,454 102,696 85,554 68,904 — 
ras 265,17 228,48 240,01 457,44 124,35 103,35 86,45 69,40 53,22 


Syecb OTCyTCTByeT BKIaq cBa3H Ca — Ca JA pacueTa TenMOTH ropeHuA 
aJIKaHOB B XKHJ[KOM CocTOAHHH. Bo BpeMA COCTaBJIEHHA CXEMbI aBTOp He Med 
“ONMBITHBIX JAHHbIX HM JA OfHOrO asiKaHa, B MOJlIeKyJie KOTOporo Obima GpI 
CBa3b Ca — Ca uf TemoTa ropeHuA KOTOPOrO B X%KHAKOM COCTOAHHH Oplia Obl 43- 
‘pectua *. Uro xe KacaeTca BKJaga cBa3H Ca — Ca JIA BEIMHCIeHHA TensOTHI 
‘TOPCHUA aIKaHOB B rg3z000pa3HOM COCTOAHMH, TO 9Ta BeJIMUMHA OplJia BLIYHCeHa 
‘ABTOPOM CXeMbI Ha OCHOBAaHHM eMHCTBeHHOrO MMeBIUerOCA B TO BpeMA 9Kcre- 
PHMeHTaIbHOrTO 3Ha¥eHHA TemoTA! Yopesua 2,2,3,3-TeTpameTuOyTana. 
B. M. Tatesckuit oTmerus (°,1°) Mastyio Hae2%KHOCTb STON BeIM4YMHbI, Tak Kak 
TellloTa TOPeHuA 3TOFO BeLLeECTBA IKCMCPHMEHTAJIbHO OMpefeAach MIA TBep- 
Toro coctosuua (1), a TemmoTa ropeHua ero B ra3s000pasHOM COCTOAHHN Opia 
BBIYMCeHa C YYeTOM OIeHKM TeMvoTHI ero cyOuumMaluu ("). 
| Hamu Oniia usmepena Tenviora ropeHua pu 25° 2, 2, 3, 3-retpameTuureKca- 
‘Ha B XKMJ{KOM COCTOAHHH; BeJIMUMHA ee HaiijeHa paBHol 1619,1 +0,5 kkan/monb** 


nema rae =o ae a meee —— 
| * Pa6ota JxKoucona, IIposena u Poccnuu (1"), B KOTOPpOH CooOmlaeTcA TenoTa ropeHHA 
2, 2, 3, 3-TerpameTHIneHTaHa, Obla HCnONb3s0BaHa B. M, TaTeBCKHM TOJbKO B MocmeqHel ny6- 
_ auKaunn (38), 

** MetToquka onpeyeseHus TeMmsOTLI TOPeHHA, CHHTeS H OYHCTKA BeMeCTBa aHaJIOrHYHbI TeM, 


KOTOpbie ONHCaHB! B paboTax (15,16), 
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Vicnob30BaB 9TO 3Ha¥eHHe HM paHee OlpeseseHHy!O BeIMYHHY TeMNVJIOTHI 
ropenus 2,2, 3, 3-rerpamerusnentana ('*), Mbl HMeJIH BO3MOXKHOCTh BbIYMCIMTb 
BKJalbl CBA8H Ca— Ca AIA pacueTa TeNMJIOTHI TOPCHHA aIKaHOB KaK B XKHJKOM, 
TaK M B ra3000pa3HoM 
COCTOAHHH. 

B ta6n. 1 bi 


Ta6auna 1 


Coegunenue, 10 KOTOpOMy Gna Bkaayq cBasn Bknaq cBa3u 


HafifjeHa BResH4UHHAa My ye Cy — Cy (ras) | NIpHBOAUM pe3yJIbTaTbl 
(KH AKOCTb) 
3ToroO pacyeTa. 

V3 Ta6n. 1 BuaHO: 
2,2,3,d-TeTPpamMeTHurekcaH Bo500) Deer 1. Bennaausi al 
2,2,3,3-TeTpaMeTHJINeHTaH oye Hye ; : 
2,2,3,3-TeTpaMeTuO6yTaH a (adk22)e" OB cBA3H Ca—Ca, 

2 | _____—_._ Jv pacueta TermlJiortsl 

Cpemuee... 53 , 66 54,29 TOpeHHA aJIKaHOB Kak 

ee B %KHAKOM, Tak H B 

* Tensiora ucnapenua Obita paccuMtana HaMH Mo nowysMnupHye- ra3006pa3HoM COCTOA- 
CKOMY COOTHOMEHHW (17), 

** Bsanto u3 pabotpnt B, M. Tatescxoro (°). HHH, paccuHTaHHble 10 


J[aHHbIM, MOJIYYeHHbIM 
B HacTosileH paOote (H3 TenoTH! ropeHHA 2,2,3,3-rTerpameTHsrekcaHa), COB- 


majlaioT C HX 3HAYeHHAMH, HaleHHbIMH NO MaHHbIM paOoTni (17) (M3 TenJIOTHI 
ropeHus 2,2,3,3-TeppameTHuineHTaHa). OtTkKnoHeHHe B ~I1 KKaJl BeJIM4MHBI, 
IIpHBeeHHOH JIA 9TOrO BKJIaa B paOoTre TatTesckoro, cleqyeT OTHECTH, Mo- 
BHJMMOMY, 3a C¥e€T HETOUHOCTH OILCHKH TeMVIOThICYOMMALLHH 9TOTO BeleCcTBa. 

2. B HacTosee BpeMA HaHOolee JOCTOBEPHBIMH 3HaYeHHAMH BKJIala CBA- 
3H Cia— Cs culeqyeT cuntaTb 53,66 KkKas/Momb QA pacueTa TemOTbl ropexuA 


aJIKaHOB B XKHKOM COCTOAHHH H 54,29 KKaJi/MOJIb WIA pacueTa TenuOT ropeHuA 
aJIKAHOB B ra3000pa3HOM COCTOAHHH. 


TloyyeHHble BeJIMYHHbI NO3BOJIAIOT PaCC4YHTHIBATb TeMJOTHI TOPCHHA BCeX 
aJIKaHOB, HMeIOULHX B MOvlIeKye CBA3H Ca — Ca. 


Vcnouib30BaB OJHY M3 3STHX BeMyHH (53,66 eave Mbl TOJIYYHJIH 
BO3MOXKHOCTh CONOCTABHTh HalieHHOe H@MH 9KCHePHMeHTaIbHOe 3HadeHHe 
TeNJOTbI TopeHusA 2,2,3,3,5,5,6-rentameTusrentaHa (2248,4+0,4 kKan/Moub) Cc 
BbIYHCJICHHBIM M10 aJMIMTHBHOH cxeme B. M. Tatescxoro (2247,7 Kkau/Moub) *. 


Kak BHAHO H3 IpHBeeCHHbIX HYHCe/I, COBMaeHHe MOJIY4HJIOCb YOBJIETBOPH- 
TeJIbHOe. 


Mockosckuit TrocyapcTBeHHbI YyHHBepCHTeT Tlocrynuso 
um. M. B. Jlomonocosa 12 IX 1960 


UMTMPOBAHHAA JIMTEPATYPA 
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Soc., 69, 171947). ® JR. Platt, J. Chem. Phys., 1b, 419 (1947). J. Phys. Chem., 56, 
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* B sTOM pacueTe BBOZHaCcb nompaBka B 5 + 1 KkKad/MOJb, YUHTHIBalOMlad MpHcyTCTBHe 
B MOJIeKyJle alKaHa rpyNNHpOBKH H3 AByX YeTBEPTHYHBIX ATOMOB yIvlepOa, pasfeJIeHHBIX OHOW 
CHe-rpynnoii. Aprymentauuio sto monpaBKH cm. B paoorTe (1°). 
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Woraann Akapemun nayrx CCCP 
1961. Tom 137, Ni 4 


XHMHA 


Y TYAHBb-JIH, E. B. COKOJIOBA, H. E. UJTEHOB u 
yseH-Koppecnonyent AH CCCP A. Ji. MIETPOB 


CHHTE3 OJMHOATOMHDIX TIPEAEJIbBHbIX H AILETHJIEHOBbIX 
TPETHUHBIX CIMPTOB PAA ®PEPPOLLEHA 


®? BosMoxHOcTb MOJyYeHHA ABYXaTOMHBIX TPeTHUHIX CHMPTOB ceppolleHxo- 
BOrO pxjja Ha OCHOBe KapOOHHVICOsepKallHX MPOHSBOAHEIX eppolleHa, CooT- 
BeTCTBeHHO, [HalleTH- H WUOeHs0nIdeppolleHa, a TakKxKe HMeTHOBOrO |acdupa 
eppollenquKapOouoBol KHCJOTHI Oblia yxKe NOKa3aHa Pumumatizepom u Xewb- 
wom (7) w A. H. Hecmesvost c corp. @). B Hactosmeli pa6ore BnepBble Obl 
DCyULeCTBIEH CHHTe3 OMHOATOMHBIX IIpeeIbHbIX H AlLleTHJICHOBLIX TPeTHUHBIX 
cHMpTOB pala deppolleHa KOHJeHCalMel MOHOAal[eTHJI- H MOHOGeHSOUNIGeppolle- 
HOB C MarHHii- H HaTPpHHOpraHvuecKHMH COeHHEHHAMH. 
_ IIpeqenpubie TpeTHuHble CNMPTbI CHHTe3HPOBaIHCh KOHJeHCalMel alleTuu- 
peppomena u Oensonndepponena c pearentamn Tpuupspa, noswyyeHHbIMH 
M3 TIpefebHbIX raNOHAHbIX amKHOB. iia NONyYeHHA CHUPTOB Cc alleTHse- 
HHJIbHBIMH PajHKaJIaMH ObIJI HCMOJb30BaH alleTHJICHHJIMarHHHOpoMA, MpHro- 
ToBNeHHBIH mo JbKoucy (*) (cHHTe3 STOO Bua CHHPTOB No peakiuu MaBopcKoro 
4aM OCYIeECTBUTb He yaocb). Bhim MpuroToBJeH Takxe alleTHeHH, HATpuA 
fo Hopmany (*) npn —15°, xoroppiii BBo_MsICA B KOHeHCALLMIO C alleTHJI- H 6eH- 
s0udeppomenom. IIpu stom oka3alocb, 4TO 3-MeTHJI-3-cpeppolleHHsJ-3-OKCH- 
adponun-! yfaetca nonyuuTb AByMA croco6amu (uepes C,HMgBr u C,HNa), 
forga Kak 3-cbenuu-3-cepporenua-3-oKcunponuH-| cuHTesHpyeTcA TOJbKO M0 
JepBoMy MeTOJY. ' 

VMutepecHo OTMeTHTb, 4TO JH3aMeLeHHbI MeTa/IJIOOpraHwnyecKHi alleTH- 
WeHOBbI peareHT (peakTus Honuua) yxe He pearupyerT H C alleTHuIdeppolleHom 
1 c OeHsonspeppoleHoM. 
_ CsolicTBa CHHTe3HpOBaHHbIX TPeTHUHBIX CIMHPTOB deppolleHoBoro pasa 
ipeicrapenbi B Tabs. 1, 

TaOmuna 1 


‘ CpoficTBa TpeTHYHBIX cCHuUpTOB cbeppoleHoBoro pxza 


£ 


Hatigeno, % BpryucmeHo, % 
Coequnenue are E, whaey Pes atiob ys 
€ H Fe H Fe 
i | 
-OKcuH30N ponnadep po- 58 56—58 | 64,01 | 6,39/22, 20|C;3HieOFe} 63,97 | 6,56)22 ,90 
fics 64,10 | 6,40 
-Okcu-a-cbeHnaatHsdep- 32 110—111| 70,62 | 6,59/18, 70/CygHigOFe] 70,59 | 5, 88/18, 26 
pollen ° 70,68 | 6,47 
t-Oxcn-a-cbeHnanponna- 60 87—88 | 71,45 | 6,91/17,10/CygHa9OFe} 71,28 | 6, 25/17, 46 
deppouex 741,29 | 6,85 
“OxcH-a-enuamusmbep- | 72 65—66 | 72,52 | 6,70/16,68|CoyHogOFe} 72,41 | 6,91/16,10 
_ poweH 72 40 G85 
}-Metua-3-bep pouenua-3- 5 = 66,25 |6,58) — |CyHywOFe| 66,14) 5,51/22 ,04 
| okcumponuu-1 * 66,05 | 6,68 
i-Merus-3-cep ponenna-3- 5 | 442—114] 65,38 | 5,77/22 ,85|CyaHysOFe|} 66,14 | 5,54]22 ,04 
| oxcumponnu-1 ** 65,16 | 5,56 
| i eHHd-3-cepponmenus-3- | 16 89—90 | 72,02 | 5,33]17,33|CygHisOFe|] 72,19 | 5,10/17,67 
“oKcunponun-1 * 71,92 |5,36 


* Jlna cHHTeSa BSAT alleTHICHHIMarHHHOpomMHyA, nomyyeHHbi no Ji>KoHcy (°), 
** J\na CHHTe3a BSAT alleTHNeHHA HaTpHA, NOMyyeHHbIi no Hopmany (¢). 
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QKcNepuMeHTAAbBHAA YACTSH 


IIpeqebuple TPeTHUHbIe CIUPTbl! CHHTC3HPOBaJIHCb MO CX€Me: 


R 
Ay 
<-S—C—R+RMgX > ¢ 5—C—R’ 
eed sli a: Mar | 
Fe" Fe OH 
aes ian 
Nees Ne 


Ri Oba Cabls R’ = CHs, C2Hs5, x-CyHy 


Cunte3 MpoBOAWICA B yCJIOBMAX, yKa3aHHBIx B ('). AueTua- Han 6eHson.- 
cbeppoueH AoOaBiaM K peareHTy ['punpspa B O€H30JIbHOM pacTBope H peaKIH- 
OHHYIO CMecb MepememmuBasmn 1 uac mp 60°. 3aTem cMecb pa3viaraJiM HacbilleH 
HbIM pactBopom NHsCl. IIpogykr peaxuuu mocse npesqBapuTeAbHOM OUKCTK 
AKTHBUPOBaHHBIM YIvieM, MepeKPHCTAJIM30BbIBAIH 3 pa30aBJIeHHOrO 9STHJIO 
Boro cnupta. Bixol mpokykKToB peakuuu coctaBaaa 58—72%. Bota nosy- 
YeHbI: @-OKCHH30NponHeppoueH, 4-OKCH-a-(PeHHJISTHIeppoleH, 4-OKCH-a-cpe 
HMINponHdeppoleH H a-OKCH-a-(pPeHHaMHsdep power. 

CuHTe3 alleTHJIGHOBbIX CIMMpPTOB BbIparkKaeTCA Cxemoi: 


R 
| 
£7 eC ERE HORROCKS POs Gees 
NZI z Pious! 
Ce" Fe OH 
catia Ves 
4 \—f 


R =CHs, CsHs; X =MgBr, Na 


AlleTHJIeHHJIMarHHiOpoMuy, roToBusM mo meToguKe (°). K Hemy o6aBiaiH 
IIpH KOMHAaTHOH Temnepatype pacTBop alleTusdeppouena B TIT®@. Tlocae nepe- 
MeLUIHBaHHA B TeyeHHe 12 uac. peaKI[HOHHy10 CMeCb pa3JlarasiM HAacCbIILeHHbI 
pactsopom NHaCl, sxcrparupopaiu spupoM HM SPMpPHy!O BITAKKY CYNE 
NaeSOs. OctaToK mocie OTTOHKH paCTBOpHTeIA (TEMHO-KpaCHaA %KHKOCTD) 
pacTBopsJIH B rekcaHe HM KHNATHIM C AaKTHBHPOBaHHBbIM yrviem. BopinaBiiu 
KPHCTaJIbI OUHWLAIH NepeKpHcTatM3alvel H3 pasOaBseHHOrO CMupTa. 

AnaJOrHuHbiM O6pa30M MpoBOsWsach KOHeHCalluA alleTHeHHIMarHHiopo- 
Mula c Gex30HdeppoueHom. AueTHeHuy, HaTpHaA Moyuanu no Hopmany (') 
mpH —I15°. K nojyyeHHomy peareHTty mpHOaBAAM pacTBop alleTHsdeppowena 
B TI® npn —10°. Mpogxyxtr peakunu pa3snaranu pactBopom NHaCl, axcrparu 
PpoBaIH SPHPOM, O6esBOxKHBaIH Hat NaeSOs HW Nocwe OTTOHKH pacTBOpHTeiA 
xpomatorpadupospana Ha AlsOs. Boyenena dpakuua c T. na. 112—114°, 
OXapaKTepH30BaHHaA Kak ALleTHJICHOBbIH CNHpT. 

Bein moyuenpi: 3-meTu-3-cbeppomeHu-3-oKcHnponuH-1 (qBymA cmoco- 
6amu — uepes Co2HMgBr u CoHNa) u 3-cbenua-3-cbeppouenua-3-oxcunponuu-l. 


MockoBcKHii XHMHKO-TeXHONOrHueCKHA HMHCTHTYT Tlocrynuso 
um. JI.. VW. Meuneneesa 2 XII 1960 


UWHMTHMPOBAHHAS: JIATEPATYPA 


rR, Riemschneider, D. Helm, Ber., 89, 155(1956). 2 A. H. Hecmea- 
B.D. [Tle pes anon a poem BeithopaBuuyre, JIAH, 112, 439 (1957). 
»R.H. Jones, L.Skattebol, M. Whiting, J. Chem» Soc 1956,e4705" 
Normant, B. Angelo, Bull. Soc. Chim., 2, 354 (1960). 
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ornaye Akaqemuun nayx CCCP 
1961. Tom 137, Ni 4 


PHSHYECKAA XHMHA 


r. Mi. PUIAQbILEB wu C. P. PA®HKOB 


MHHUAMPOBAHHE NOJIMMEPH3AIMH 3JIEKTPHUECKHMU 
SAPAJAMH, BOSHHKAIOUIMMH HA FPAHHILE PASIEJIA SA3 


(IIpedcmaeazeno axademuxom H. H. Cemenoeoim 15 X 1960) 


}\ Tevenne mHorux xumMuuecKHXx peakIlMit cBA3aHO C HasM4HeM B CHCTeme m0- 
BepxHOcTeH pasyea (B NpocTeliiem cjlyuae cTeHKa cocyja — peakWMonHas 
pewa), C BOSHHKHOBEHHEM HOBLIX (pa3, C (basOBBIMH Mepexojamu. 

_ Onucanbl aABIeHHA NOJIMMepH3alluu TIpH M1aBeHHM TBepAbIX MOHOMepoB 
MMA, ctupon u zp.) (, 7, *). UsBecrno yBernuenue cKopocTH nomuMepH3alMn 
a300yTUeHa pH HU3KOi TemilepaType B MpucyTcTBHH TBepAbIX Te (4). B cay- 
fae IIpHMeHeHHA NOPOWIKOB CKOPOCTb peaKI[HH CHJIbHO 3aBHCHT OT pasmMepa 
(BepAbIX YaCTHIL, HO MaJlO — OT NpHposbi MopourKos (1). Hegapuo Agvep, Baa- 
faHTaHH M Ap. coobuwu (°), YTO OHH HaOOLaM peakILMIO NOAMMepH3allun B 
KMKOCTH Ha MOBepXHOCTH KOMO¥KOB TOMMepa. AOkuH (*) OTMeuaeT POJIb 
{TCHKH IPH paualMOHHOH NOMMMepu3allHu CTHpOJIa B pacTBOpe XJOpHcToro 
ua pH —78°. Mutepecubt padotst Kapruua, Ka6anosa, Ilnara u ap. (*) 
10 NOJIMMePpv3allNn, BbISbIBAeMOM CBExKepasPOOJICHHbIMH TBeEPAbIMH TeIaMH HU C 
jICMOJIbSOBaHHeM MeTOa MOJIeKyJIAPHBIX myyKOB. IIpu usyseHuu MOMMepH3a- 
{MM akpHlaTa HaTpHA B MpHCyTCTBHH HeKOTOPbIX COJleH yKa3aHHble aBTOPbl 
\OHAPYKUJIM CYULECTBEHHOe BIHAHHeE TBEPLOH KPHCTaIMYeCKON (asbl Ha CKO- 
jOCTh peakILMH. 

MoxkHo mpuBecTu H Apyrve MpHMepbl HHUWMUPYIOULerO BMAHHA PasoBbIx 
ipeBpallleHui Ha TeyeHHe XMMHYeCKHX peakuMi. Tak, ONMCaHbI peaKIMH XJIO- 
MpOBaHUA HM THAPOXJIOPHpoBaHHA pH PasMOpa2%KHBaHHM PeaKI{MOHHbIX CMe- 
lew (1,°), peaKIHH OKHCJOB ILeJIOUHBIX HM WeIOUHOSeCMEJIbHBIX METAJIJIOB C OKHC- 
(aM MU XJOpHsaMu 3JleMeHTOB 4-H Tpynmbl mp TemMmepaTypax mosMmMopdxHoro 
|tpespamjeHua ofHoro “3 KomMmoHeHTos (',°) 4 pxaq Apyrux, MeqpeneB oTMeuaeT 
cOOYIO POJIb NOBEPXHOCTH PH HHUWMMPOBaHNH M pocTe Wel B CJlydae SMYVIb- 
(MOHHOH momuMepv3zaunu (1°). 

Ham mpemctapisetca, uTo BO BCeX YKaSaHHbIX Mpolleccax CylllecTBeHHaA 
(Ob MpMHaMWeKUT dIeKTPHUCCKUM 3apAaM, BOSHHKAIONIMM Ha TpaHullax 
laslena (a3, pu :asoBblx Nepexolax, B pesyJbTATe MeXaHUYeCKOH HecTPyK- 
(uu u T. 1. BoSHUKHOBeHHe 3apAOB B MOROOHBIX CyyaAx HaGJNOaIOCb MHO- 
‘MMM uccieqoBaTenamu (24). Anekcannep 4 Paiigua (1°) nonaraioT, 4TO B TOM 
my4ae, Kora aKTMBHBI; KOMIMJIeKC mpHoOpetaeT dJIeKTpHYeCKHH 3apA, CKO- 
lOCTh PeaKIHM B MOHOCJIOAX H3MEHACTCA MPONOPILMOHAJIbHO MHOAKUTEMO e~ ERT, 
@e @ — cKavox notenumana. B cpasu c stu Jlanusin u J[apuc (1°) oTmeuator, 
'To 3Hauenve PH, (B noBepXHOCTHOM Culoe) cBA3aHO Cc PHy (B o6beme): 


PH.= PH» +aq'g- 

- Hexoropsie aBTopbi yKa3biBaloT, YTO SMeKTPHYECKMH MOTeHIMAa BINAeT Ha 
H prvlo aKTHBANMM XUMUYeCKUX peakiuit ('*), B TO BpeMA Kak Apyrue mipeano- 
l:araroT, YTO 3TO BAMAHMe MMeeCT MECTO JIMINb B Cy4ae TBEPAbIX MOBepXHOCTeH 
poreHHbili KaTanu3) (14). Bnomne ecTecTBeHHO HpeAMONO%KUTb, YTO Cyute- 


TBOBAHHE Pa3HOCTH NMOTeHIMaNOB Ha Fpanullax paszena das G6ymeT cnoco6b- 
a: OPHeHTAILHU MOJeKY BOSH MOBepXHOCTH pasyeda, 4TO, COrmacHo 
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B3raisgam Cemenosa ('), HeoOxOMHMO JIA NMpoTeKaHuA MpolleccoB nowuMepH- 
3allMH IIpH HH3KHX TeMMepatTypax. 

Tlo nallemy MHeHHIO, CKaYOK MOTeHIMasla JOJDKeH BAMATb He TOJIbKO Ha 
IPCAIKCHOHEHIMANIbHBIM ~MHOMKUTEIb B ypaBHeHHi Appenuyca, HO BO BCeX 
cayuaax, KOra AaKTHBHBII KOMILIeEKC NpHoOperaetT SuleKTPHYeCKHH 3apsA, ODK- 
Ha H3MCHHTbCA TakxKe 3HEPrHA AKTHBaLMH XHMHYeCKOH peaKIHH. 

Ec CKopocTb peakiHH B OObeMe MpecTaBUTb B OOLIUHOM BH: 


V = Aye—EvRT, (1) 


TO CKOPOCTb TOM Ke peaKUMH IPH HaNMYHH CKaYKa NOTeHWMaa (T. e. Ha M0- 
BePXHOCTH pasyea) 3anMueTcs: 


V = Aye-FuRT, (2) 


rae A, ormuyen oT Ay, E, = Ey — Ey, E, = n 23060 (p — Re =r) (sHaK Ey 


3aBUCHT OT paCCMaTpHBaeMOH CHCTeMBI). 

CnejOBaTeJIbHO, MOXKHO OXKUATb, YTO MPH OMPeeJIeHHbIX YCJIOBHAX Peak- 
IMA TOMMepH3alluu -OyeT MpoTeKaTb CO 3HAYHTeIbHOH CKOpOCTbIO 3a Cu4eT 
CHWK€HHA SHEPHH AKTHBAILHH MW YBeJIMYeHHA NMpeMIKCNOHEHIMaIbHOrO MHO- 
*%KUTeIA, OOYCOBJCHHBIX HaJIHYHeM CKauKa MOTeHWMAaMa. 

C UWeJIbiO BbINCHeEHHA BO3MOXKHOCTH HHHILMAPOBaHHA TIpoweccoB nomHepu= 
3allHH 3a C¥eT MOBEPXHOCTHBIX 3JIEKTPHYeCKHX MOTeHIMaJOB, HAMM Obla H3y- 
yeHa NOJIMMepH3allHA HEKOTOPHEIX HEMPeeJIbHbIX COeAHHEHHH Ha PpaHHlax pam 
jlela (a3 pH OTHOCHTeJIBHO HH3KHX TeMMepaTypax H B OTCYTCTBHe OOMLeH3BeCT- 
HbIX HHHIMaTOPOB U KaTa/lM3aTOpOB 3TOH peakuuu. M3yuasocb TakxKe BMAHME 
HEKOTOPHIX MpHMeceH Ha CKOPOCTb Mporecca NOMMepu3allnu B ae 
c10€ MOHOMep — NOBePXHOCTb (MOBep XHOCTHO-aKTHBHBIe BeleCTBA, eae 
B paGoTe HCiOIb30BaNNCh OYHULeHHbIe OT cTAGMIM3aTOpa HM TepeKucel mMepe- 
rHaHHbIe Mok BaKYYMOM MOHOMeppl. J[pyrve peaKTHBbl OUMMLaIHCb oObI4HEIMA 
cnoco6aMH; KOHCTAaHTbI MPHMCHABLUIMXCA BeUeCTB HAXOJWJIMCb B COOTBETCTBUA 
C JIMTepaTyYPHbIMH WaHHbIMH. Bo Bcex H3yYeHHbIX CIyYaAx KOHTPOMMPOBaJIOCh 
OTCYTCTBHe TlepeKHCelt BO B3ATHIX BelleCTBAX H CTABHJIMCb KOHTPOJIbHbIe OMBbITHE 
110 TOJIMMepH3allHH B TOMOreHHOH CucTeMe B IIPHCyTCTBHH Tepekucu OeH3ona, 
a TaKXKe HEKOTOPbIX JOOABOK, KOTOPHIle OKA3bIBaJIH MOMOKUTeIbHOe BIMAHHE 
Ha MOJIMMepH3allnio MIpH HaIHYHH AByXx cas. 

OnuIThI! No nomMMepH3aluH akpuHsoHuTpHa (AH) u meTHamMetakpuata 
(MMA) npu 20—22° Ha rpanuue paszena cas (#KMAKOCTh — KUAKOCTb, KU 
KOCTb — TBepyloe TeJIO) MOKa3aiM BO3MOXKHOCTh HHHUMHPOBaHHA TpOLleccoB 
NOJIMMePH3allH B OTCYTCTBHE OOIYHEIX HHHIMATOPOB HW KaTau3aTOPOB 3a cuel 
CKauka NMOBepXHOCTHOTO MOTeHIMaa. 

Tak, Hanpumep. nocae 10—12-yacoporo BbigepxKuBaHua cnoa AH Toms 
HOH 1—2 cm Ha MOBepXHOCTH PMUepHHa, Ccofepxaiero 1—2% Boybl. npu 20— 
22° HaOmofaeTCA OOPasOBaHHe SaMETHbIX KOJIMYECTB NOMMMepa B Bue OeLix 
xfonbes. MonekysapHpiii Bec momwyyeHHoro nomumepa 100000—200000 (no 
BASKOCTH pacTBopa). Tipu 9TOM KHCAOPOL BOsLyXa, KOTOPI ABIAeTCA MHTHOU- 
TOPOM MPH payMKaIbHOH MomMMepHsallun AH, He oKa3pipaeT cytlecTBeHHOra 
WeHCTBHA Ha TeYeHHe Mmpoliecca 

Ilonumepusauna AH na rpanuue pasnena AH — Boga (BepHee, UX B3aMM- 
HO HACbIN[CHHbIX PaCTBOPOB) C H3Me€PHMOHM CKOPOCTbIO MpOTeKaeT JMUIb B ATMOC- 
tbepe CO,. B curyuae nonumepu3sanuu MMA na rpaHnile c Boson u CO pTyTbH 
B aTmocdepe BOSYXa 3aMeTHBIe MWI€CHKH NoMMepa OOpasyioTcA yepes 30—40 
yac. Ha rpannue paszena MMA — napadun u MMA — ranuepuu o6pasoBanne 
IIJI€HOK ObIWIO 3amMeueHO Hepes 4—5 uac. IIpoBeyenue onbiToB B aTMOCcdepe yruie- 
KHCJIOrO rasa NPHBOANT K Goslee GLICTpOMy MIpeBpallleHHiO MOHOMepa B IIOJIM- 
Mep, HM 3aMeTHBI€ KOJIMYeCTBA OOPa3sOBaBUerOcA MOHMepa B HeEKOTOPbIX CJLYy- 
4YaAX MOMKHO HaGlOaTb HeEMOCpeACTBEHHO Cpasy Mocwe yasleHHA U3 CHCTeM 
KucJIOposa. 
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XOpollo USBeCTHO, YTO BBEeEHHe MHOFHX BeUIECTB CHBHO CKa3bIBaeTCA Ha 
i auke MOTeHUMAaa MEK Ly (pasaMu, YTO, Se3yCIOBHO, AOJKHO OTPaxKaTECA Ha 
‘cKopoctw peakuuu. JlelictBuTenbHO, np foOaBeHHH KUCAOT (CH;COOH, 
CH,CICOOH, HC!) B KONMYeCTBAX OKOVIO 0.01 % B cayuae NOMMMepH3alMH B CuCTe- 
me AH — rauuepun c 1% Bogs (20°) vepes 15—20 ac. BEiepxKuBaHUA cTe- 
TleHb NpeBpallleHuA WocTuraeT BeMYnHE! 25—30%, mpwuem KucMOpOs He OKa- 
SbIBAeT 3aMeTHOTO TOpMosalliero adpexta. B cucreme AH —zoga (1: 1) ¢ pOo- 
OaBkoii KucsoT (0,01 monb/a) B aTMocdepe asota yepes 100 ac. nocie cMeWeHUA 
MNAKOCTeH CTeMeHb MpeBpalleHHA cocTaBAeT Bcero JuUIb 1,5%. a mMomeKy- 
| APHBIM Bec NoMMepa oKoo 6 000 000 (mo Bsa3KocTH). 

CkopocTb o6pasoBaHHA NoMMepa B cucteme AH — rumuepnuu — KucsoTa 
{CHJIbHO MIOBbIMaeTCA B MpHcyTcTBHM Bob. TlosmMepusalua B aHHOM cJIy4dae 
HpoTekaeT Kak B BePXHeM, TaK H B Hu*KHeEM cJIOAX. B cnoe AH o6pa30Banue 
nowuMepa HauMHaeTCA Ha MOBepXHOCTH pasfema M JanbHeliMad mMOMMepH3a- 
‘IMA MPOMCXOAUT HemocpesCTBeHHO Ha YaCTHUKAaX NoMaKkpusonuTpusa. IIpo- 
‘TeKaHHe peakIMH BO BCeM OObeMe HHKHero culos (AH — rauuepnu — Boza — 
HCl, AH — soya — HCl), no-suqumomy, cBa3aH0 C HWHHIMMpOBaHHeM Ha 
'MHKPOMOBepXHOCTAX pa3zyela WIM MPH CMelIeCHHM KOMMOHEHTOB, 4TO MOATBEpx- 
JlaeTcA 3aBUCHMOCTHIO CKOPOCTH peaKILHH OT MOPALKA CMeLICHUA COCTABJIAIOULAX 
‘CHCTeMY BelleCTB, OT HaJIMUHA B CHCTeEMe M@JIKOH3MCJIbYUCHHBIX TBEPAIX TeJI YW 
Upyrumu daktamu. 
_ Jipyrum mpumepom, moka3biBalolluM BJHAHMe 9eKTpHyecKOrO NoTeHWMana 
‘Ha TeveHwe peakUHH MOJMMepH3allHv, ABJIAIOTCA OMBITH’ MO NOJHMepH3allHu 
MMA npx ero snexTpu3aunu. Tak, np BCTpaAXuBaHuNM (31eKTpM3allun) TULa- 
TeIbHO OOe3raxKeHHOTO MOHOMepa B CTeK/IAHHBIX ammyaax (400—600 xkaua- 
‘Huli/mMuH.) mpu 20° B oTcyTCTBHe KaKMX-1M60 MHBIX BOs6yAUTeNeH peakinu 
HaOofaetca GbicTpoe yBeMYeHHe BASKOCTH MOHOMepa 3a CueT OOpas0BaHUuA 
monumepa. CreneHb MpeppallleHua B 3THX ycmoBuAX focTuraeT 5—10% 3a 
3uaca, Takum o6pa3om, mpoBeweHHble HCC1eEMOBAHUA MOKA3bIBaIOT, UTO NOJIMMepH- 
3allMA AKPHJIOHMTPHIa MH MeTHJIMeTaKpHaTa, OesyCc.IOBHO, MoxeT ObITh MHU- 
IMUPOBaHa SeKTPUYeECKHMH 3apAaMH, BOSHUKAIOULMMH Ha rpanHax pasyesa 
a3 B OTCYTCTBHe OOHIUHEIX BO36yAUTeIeH peakiMu. MmMerotcsa OCHOBaHHA T0.1a- 
TaTb, UTO aHaNOrMYHEIM MyTeM MOXET ObITh OCYIU[eECTBIeHa NOJHMepHsall'A MHO- 
‘THX JPyrHx HeHaCHIINeHHBIX CcoeyquHeHHH. MMeroulHecad B HacTOAULee BpeMA [laH- 
“Hble He NOSBOJIAIOT BLICKAa3aTb ONpeeseHHOrO CyKMeHHA O MEXAHH3Me PeaKLHH, 
“OMHAKO (bakT ee TOPMOXKeHHA HHTHOWTOPaMM yKasbIBaeT Ha PaLMKAaJIbHbIlt Xa- 
_pakTep mpottecca. 
WMuctutyT XHMHUeCKHX Hayk TJocrynnuio 
AkajemuH HayK Ka3CCP 15 X 1960 
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Iloxxaye AkayemMun Hayr CCCP 
1961. Tom 137, Ni 4 


PHSHYTECKAA XHMH 


A. WH. KHTAHPOPOACKHH 


O B3AHMOJEHCTBHU BAJIEHTHO HE CBA3AHHDIX 
ATOMOB YIJIEPOJA HW BOJOPOTA 


(IT pedcmasaeno akxademuxom M. H. Kabaunuxom 26 1X 1960) 


§ 1. BBegeunue. Jia mMyorux Bompocos dusuyeckoli xumMun HaKnOose 
esiecooOpa3seH NOLXOX K MOJIeKyJIe KaK K CHCTeMe B3aHMOJeHCTBYIOULAX aT 
MOB. JI.1At MHOFOUMCJICHHEIX IPHMeHeHHH TaKOH TeopHu K pa3/IM4HLIM BOP 
CaM peaKIMOHHOH CIOCOOHOCTH, KMHETHKH, aylcopOuuv, TepMOXHMMM HU Op 
HeoOXOJHMMO pacnowlaraTb CBeEJeCHHAMH O KPHBbIX 3HEPlHH B3aHMOeHCTBU 
BaJICHTHO H€ CBA3AHHbIX aTOMOB. MbI nosaraeM B J\aJIbHelIlleM, UTO HET HUK 
KOrO Ppa3JIM4HA M@KLY KPHBbIMH B3aHMOMeHCTBUA BaJICHTHO He CBAZAHHbIX «Hel 
TPaJIbHbIX» ATOMOB, MIPpHHaWexKalluXx OHO HW TO Ke WIM Ppa3sHbIM MOJeKyJaM 

§ 2. YVHuBepcaabuag KPHBAag B3AHMORZCHCTBH 
aTomosB Cw H. Han6onee xopowio u3BecTHbIMH 43 ONbITa MapaMeTpaMy 
KPHBbIX B3aHMOJeHCTBUA ABJIAIOTCA MEXKMOJIEKYJIAPHble pacCTOAHUA B KPHCTaJ 
jie. ITH PacCTOAHHA, HECOMHEHHO, YHUBepCcaJIbHb! (1) (NO KpaliHeli Mepe, Cc TOU 
HOCTbIO JO nopsyKa 5%) WA Bcex yrmeBoZOposoB, Wa M BooOule BCeX OpraHU 
YeCKHX BeUeCTB, BH 3aABHCHMOCTH OT HX XHMHYeCKOH Mpuposbl. YuuTHiBaA 
YTO IPH BXOMKJeHHH B KPHCTAJI MPOHCXOAUT HeEOOMbIUad KCIIpeccoBKa» MOeK YJ 
Mbl [IPHMe€M B KaueCTBe PaBHOBECHbIX PaCCTOAHHH «Yye/.MHCHHbIX» ATOMOB 
c....C 3,8 A; C...H 3,15 Au H...H 2,6 A. Stu Bennuunel npuBeyT Hac K paB 
HOBECHDIM Me€XKMOJICKYJIAPHBIM PaCCTOAHHAM B KOHJeCHCHPpOBaHHOK a3 
c...C 3,6 A u H...H 2,35 A, 7T. e. K cpeqHuM ONBITHBIM BeMUHHAaM. 

O6o3sHauuM Yepe3s Zz = r/r, OTHOWeHHe paccTOAHMA MexKy aTOMaMH K H 
PaBHOBeCHOMY PaccTOAHHIO H mpeoOpa3yem Bbipakenue 6-exp-noTeniuana A/r® 


+ B exp [— r/p] Kk Buy 
ain Serena 26) 


rye U,,, — 3Hauenve sHeprun pH fF = 7/3 fo (7/3 fy —3TO THMMYHOe COKpalile 
HHe, C KOTOPBIM MbI CTaIKHBaeMCA B OPraHH4ecKHxX MOseKysax. Hanpumep, 
alMcaTH4ecKHX WenAX ATOMbI yrvieposa, MpHcoeHHeHHble K OHOMY U TOMY %K 
aTOMY, HAXOJATCA Ha PaCCTOAHHM OKOMJIO ?/sr,). Tlapamerp 4 = r,/p, napameT 
A 11,4 —6e% ja 


Uy, = —; Tye Napametp B wcksioyven, Kak OObIUHO, yCJIOBHeM paB 
ro 
6A. 
Hopecut B= ——e*. I]pouspeqeHHoe HaMH MpeoOpasoBaHne CyllecTBeHHO 006 


ary 


JleruaeT MOHCKH HeM3BeCTHBIX NMapaMeTpOB M MpufaeT 3ayaue OdmbIyIO Ha- 
PIAJHOCTD. 

Mut Bugum, uto U/ Uy, aABasetca dyHKUuel JMUIb OfHOrO Mapametpa a. 
Bropol mapametTp sierkO noxOupaeTca Kak MacuITa6Had BemuunHa. bes ray6o- 
KOrO aHasiu3a O¥eBHAHO, 4TO Uy, ecTb BeJIHYHHA NOPALKAa eHHUIL KKaJOpHi 
Ha MOwIb. BecbMa cylleCTBeHHO, 4YTO Ppa3yMHbIN MHTepBasl 3HaveHuH a TaKxKe 
ouesnyeH. JleticTsutTembHo, BLluvcnaa U/ U., nna z = 1, Mbl cpa3y BUM, 4TO 
3HaYeHHA SHEP B3aMMOJeHCTBUA MPH PaBHOBeCHU (B OCHOBHOM orpese.a1- 
Wve TeMNOTL CyOUMALHN) OYLYT pasyMHBIMH JIMIUb WIA a, WexKallNx B mpese- 
nax 11—18. Takum o6pasom, npenmyilectTBa HOBO 3anucu 6-exp-noTeHinana — 
B M2J10OM pasOpoce BOSMOXKHBIX 3HAYeHHH JBYX MapaMeTpoB (TpeTHH napamerTp 
ry ykKe BBeleH B Popmysy). 
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phones U/ Uy,, KaK BUAHO H3 puce. |, Ip JNOObIX @ 3aKpenmeHa B TOUKe 
= 7/3 M UU, (PuKCHpOBaHHy10 aOcluccy MHHuMyma (pH z= 1). Tak Kak 
eHne +, B MAHYMYME HEBEIMKO, TO MO CyTH Wea KpuBan tbuKCUpoBaHa 


B MByx TouKax. B pesyabtate BapbupoBanue a He urpaeT OCOOoM ponH, KPUBas 
aO4YBCTBUTeIbHa K TapaMmerpy a; 3To 


MLHO W3 PHCyHKa BMoHeE OTYUeTINBO. 
Ilapametpri a u U2, ana yrneBojo- 
OB ObLIM HAMM MOoOpanbi Tak, UTOOKI 
yuuiuM oOpas0M yjOBJeTBOpATS 
BECTHBIM SKCIEPHMEHTAJIbHBIM JlaH- 


| Uutepecuo, uro suauenua a u U2, 
BCeX TpeX B3AMMOJeHCTBUH, BUUMO. 
Ma OJIM3KH pyr kK ~Apyry. B stoi 
1a4abHOU CTA UCCJIeELOBaHUA MBI M0- 

TaeM BO3MOXKHBIM MOIb30BaTECA YHH- 
aJIbHBIM (B IPHBeeHHBIX KOOpAH- 
fax) BbIpavkKeHHem 


WW = 3,5 (— 0,04 / 2° + 8,6- 10%. e182), 
i (1) 


Bsi60op « = 13 onpexerset sHaue- 
e IBYX APyrux KOIPPuUNeHTOB, CTOA- 
B CkKOOKax. SnHauenne Us, = 
3,5 KKaJl/MOJb BbIOUpaeTCH HesaBH- 
MO. 

Takum o6pasom, mo oTHOUIeHHIO K 
lailieH mpeybifyiuel padote (*) clenaH 
yout mar Brepex. B mpenpiy- Puc. 4 

pa6ote noarasocbh yHUBepCcaJbHbIM 

pawkenue U’(Ar/r). Hactosutee uccieqoBaHve YKa3biBaeT Ha BO3MO¥HOCTb 
Ob3OBAHHA YHUBEPCaJIbHOH KPMBOLi HE TOJIbKO JIA MPOWSBOAHON 9HEPrHy, 
OM 2A camou sHeprun. Buipaxenue U’/C, ucnoub30BaHHoe panee, HeMIOXO 
coBlayaeT C COOTBETCTBYIONLHM BbIPayKeHHeM, 
UCNOJIb3YeMbIM B 9TOH padorTe. 

§3. MeKMONeEKYAAPHHe BZA 
MORewHcTBU A. Ha pue. 2 u3006paxena BbI- 
uHCIeHHaA HAMM C MOMOLIbIO dopmyst (1) 
KpHBad 9HeEprMuv pelleTKM KPHCTasAM4eCKOrO 
MeTaHa. KpuBaxdt TIpwBOXMT K COBMaartoulMM C 
OMbITOM 3HaYeHHAM MOcTOAHHOM pemleTKH (5,8 A) 
MW SHeEpruu pelleTKH (OMbITHAA BeJIMYMHA, BbI- 
UHCJIeEHHaA 3 TeEMJIOTH CyO6/IMMallHM, paBHa 
2,6 KKan/Moub). ACHMMeTPUA KPHBOH NPMBOLUT 
TakxKe K pa3yMHOMY XOAy MapaMetTpa peieTKH 
C M3MeHeHHeM TeMIIepaTypbI. 

Puc. 2 Sueprua MeTaHa B TasoKpHcTasaMuecKOM 
® cocTtosHuu (TaK Mbl Ha3bIBAeM COCTOHHHE Be- 
flecTBa, B KOTOPOM IleHTpbl MOJieKy.I OOpa3syloT MpaBHJIbHyIO pellerKy, 
a3MMYTLI MO/eKy.I MO OTHOLWeHHIO K KpucTammorpaduyeckHM OCAM Gecro- 
OUHI) OKasbIBaeTca c TOUHOCTHIO fo 0.2 KKaa/MOJIb TO Ke camoi. 
YNTaHHad SHEPrUsA KBASMKPUCTaIMYeCKOrO COOpaHuA MONeKys, a TaKxKe 
WIEKY, PACMONOXKeHHbIX B ONWKHEM MOPAIKe, He OTMMYACTCH CKObKO-HU- 
b CY[eCTBEHHO OT 3HEPHH KpHCTaa. OTO ACHO yxKe U3 TOrO OOcTOATeNb- 
a, 4TO SHEPruA MaJlO MeHAeTCH C H3MCHEHHeM MapaMeTpa pelleTKH OT 0° K 
TeMMepaTypbl TWiaBJieHHA. 
Haglo fyMatb, 4TO MOcMeLHHH pesyMbTaT HOCHT BeCbMa oon XapakTep: 
(UMaIbHaA 9HEPrus BIaMMOMeHCTBUA MOJeKY WIA OpraNudecKoro Bellle- 
447 
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CTBA TIP aGCOMIOTHOM HYJI€ JHUIb HE3HAYHTebHO HHXKEe MOTEHUMAIbHOM 9HeEp- 
THM B3aMMOJeHCTBUA MOJIeKyJI Ip TemMiepaType Hcnapenusa »#*XupKocTH. MHbI- 
MM CJIOBaMH, MOBO Tema K BelleCTBY HJeT B OCHOBHOM Ha H3MeHeHHe SHEprun 
JIBYXKEHUA MOJIEKYI. 

PapHopecHble 3HaYeHHA SHEPFHH PewleTKH ObIM MOACUMTAHI U WIA A pyrux 
Beulects (*). Tak, Quit TasoKpHCTaIM4YeCKOrO COCTOAHHA WHKJIONeHTAaHAa BLIMHC- 
JieHve jlano 7 KkKaj/MOb BMecTO 3Ha4¥eHHA 8 KKaJ/MOJb, NOMy4eHHOrO 42 
OMbITHOFO 3Ha4eHHA TeMIOTHI CyOmMMaNH. Mutepecuo, 4To AIA Pas0KpUuCTaIne- 
CKOFO IMKJIOreKCaHa PaCCUHTAHHOe UM OMbITHOe 3HAYEHHA CYUeCTBeEHHO pa3JH- 
yaloTCA (COOTBeETCTBEHHO 3 MH 9,6 KKaJ/MOub). STO pacxowKMeHve MHTepnpetTu- 
pyeTca culeyiouluM oOOpa3om. Pacuer npou3BoqHJicd B MpeqnouoxKeHuu MON- 
Horo GecnopxAKa B a3HMyTaX MOJeKyJ1. OHakO MOJIeKYJIbI WMKOreKcaHa Cy- 
(lECTBEHHO OTJIM4AIOTCA MO cBoel Popme oT cdbepHl. Hanuuaue OnwxKHerO NopsAyKa 
UCKJHOUAeT TAKOe pacnosoxXKeHHe coceseH, MPH KOTOPLIX HavOobINMe WMaMeTpbI 
MOJIeKyJI JOKAaTCA Ha OfHY JHHUIO. IlepeoweHKa «TeCHbIX» CHTyallM B pacueTe 
IPHBOJMT, ECTECTBEHHO, K BOSPaCTaHHIO OTTAJIKHBaHUA H, CJleOBaTeIbHO, K M0- 
BbIMIeHHIO SHeEprHu (YMeHbUIeHHIO NO aOcoMOTHOH BeMUHHe). 

TlogcueT sHeprun pewleTkH GeH30a BecbMa rpomo3yqoK. Mbt paccuntanu 
BKJa, B 9Hepruio OT B3aMMOJeHCTBHA MOJIeKYyJbI C 12 OnwxKaluINMN CoceLAMH, 
COCTABJIAIOULMMH MepBy!O KOOpAMHaWMOHHyIO ciepy. Ito maeT 6,5 KkkKan/MOub. 
Ha ocHoBaHHu MeHee TPOMO3AKHX BHIYHCICHHH, MPOMSBeEeHHbIX JIA Ta3s0KpH- 
CTAJIJIMYECKUX BellleCTB, HAM H3BeCTHO, YTO BKJAa B IHEpruio NepBoOH KOOPAMHa- 
UMOHHOH ccepbt coctaBisetT 80—85%. Tak Kak OMbITHOe 3Ha4eHHe 3HEprHun 
pemeTKH 6ex30a 9—10 KkkKan/Monb, TO CoBMageHHe pacueTa M OMbITa HM 3]eCb 
ABIACTCH MpeBOCXOHBIM. 

Hamia KpuBad 39HeEprun B3aMMOMeHCTBUA ATOMOB MpakTHYeCKH COBMaaeT 
C KpHBOM B3aHMOMeHCTBUA ATOMOB yrulepofa, KOTOpyio Hawen Kpoysaa (%), 
aHasIM3upya CBolicTBa rpaduta. M3 namie KpuBoH ceqyeT TakxKe HaOmIOfaemoe 
yMeHbINeHHe paccTOAMHHH B KpHcTanme MeKy apoMaTH¥YeCKHMH MOJIeKy.1aMH 
€ PpOcTOM HX pa3mepoB. 

Kpome oOleHKH 3HEprvuv HM paBHOBeCHOrO pacCTOAHHA M3 KPHBbIX B3aMMO- 
JleHCTBUA MOMKHO TOJLY4HTh 3HAYeHHA CKMMAaeMOCTH. PacueT cxKUMAeMOCTH WIA 
MeTaHa MpvBes K BeruunHe 0,31 KKa/Moub-A® npoTuB onmbITHOrO 3Ha4eHHA 
0,26, 

§ 4. BHYTpuMONeKYIApHbie B3aHMOReHCTBHA. na Toro 
YTOObI OI€HHTb 9HEPHiO HalpsAxKeHHA MOJIEKY JBI 


W sanp = a >) Ca} + + Un, 


HYKHO HaliTH KOS*pPHUNeEHT ypyrocTH HZeabHoro yruia C (cm. (”)). Mogxo6pare 
3HayeHne C JA aTOMa yrulepoka MOXKHO, NOJb3yACb JaHHBIMH OO ONTHYeCKOM 
Kospuunente ynpyroctu y. Ilo onpesenenuto, y= [0?W/da?],—2,, Te ao— paB- 
HoBecHoe 3HayeHHe, a W— sHeprua yUpyrocTH ueabHOro yruia Moc JHeprHus 
B3aMMOJeHCTBUA BaJIeHTHO He CBASAHHbIX aTOMOB. LA MepecueTa 3Ha4ueHHH C 
B 3Ha4eHHA Y HYXXHO 3HaTb BH], KPHBOH B3aHMOJeHCTBHA, TAK KaK 


¥ = @W/da? = C + U' (r) @rlda? + U" (r) (Ar/da)?. 


SHauenne C = 35 KKas/MOJb B COUCTAHMM C BbIPaKeHHeM JIA Hallero M0- 
TeHIMaa MPHBOAUT K BEMMYMHAM Yccc = 9D KKad/MOJIb, YHcH = 79 KKas/MOJIE 
B TIOJHOM  CcormiacHH C ONTHYeCKHMH jJaHHbIMv. Tlomb3yacb 3THM 3Haue- 
HMeM C, Mb! BbIVHCJIMJIM 3HAYCHHA SHEPIUl HAMpsKeHUA, a TAK%KEe ONTHMAJDbHbIE 
KOHOpMallun pAa MoueKys yrieBpogzopoyxos. Jlanuble onbira H pacueta cBe- 
Weubt B Ta6n. |, 

Jlanupie no KOoHpopMalluAM OTM3KH K pe3yIbTATAaM Halle Mpelbiyuleli pa- 
Oot. HoBbli NOLXOL NOSBOAUJ BLIYMCUTh M BeJIMUMHbI SHEPrHH HAallpsAKeHHA. 
Kak BUHO M3 TAGJIMILbI, OCHOBHOM BKJa BSHEPHlO HalpsAXKeHUA BHOCHT OTTAaJ- 
KMBaHHe BaJICHTHO HE CBA3AHHbIX ATOMOB, a He OTKJIOHeHHE yrula OT TeTpagJ- 
puyeckoro 3sHayeHns. Tak, axe B luKIO6yTaHe 1/.Ca” = 2 KKaJI/MOJIb, B TO BpeMaA 
Kak SHeprusA HalpsKeHHA Ha ofHY CH,-rpynny paBua 21 kkaw/Moub. Pasy- 
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Ta6auna f 


BenMunub yrios B rpag. M36pni1oK 9HeEprHuH 


Sueprua | yanpax. m0 cpaBH. 
ue HallpaAx. c aJikKaHaMH 
Mousexyaia Y rapt heal vik ¢ Ha CH,- 
OMBIT rpymny 8 
eau (?) KKaJI/MOIb) teopua ONbIT 
Oran HCH 109,4 _- 109,3 a — 
_ Akai CCE 142 bale a 112 18 — 
; HCH 1410 108 — 
Ljuxnonponan HCH 116,5 118 1S 2 28 5 10 
Unkn06ytan HCH i i pee 114 21 3 7 
- Uuksoneutan HCH 110,5 109 — 18,5 0,5 4 
LUnkaorexcau CEC 112-5 112 
% HCH 110 108 _ 18 0) 0) 
‘Hoprpaunxyten 6 98,9 96 96,5 — = 
| 8, 112 124 — | 

Be 113 412 ie 

oy 144 0: as a rt ie 

dt 103 103* | | 

a3 94 92 

3, 106 108,5 

5 112 107 ,5* 
Bs 114 113* 


* BeaMYuHHbI YrJIOB a, Bo, Bs, B (*) ObIH OWHOOUHET. 


MeeTCH, HOMOGHaA CHTyallua eCTb CuleCTBHe HHOFO, KaK HaM KaxKeTCA, Oosee 
MpaBuJIbHOrO onpejeeHuA 9Heprun HanpsKeHUuA. B KMaccMH4ecKOH AMTepaType 
NOW sHeprveli HaNpsAKeHUA MOHMMAIOT H3ObITOUHYIO SHEPrMlO HalpAKeHUA TO 
CpaBHeHMIO C a/KaHaMH. OTH M3ObITOUHAA ZHEPruA HallpAXKeHHA COCTOUT Ha 7/3 
M3 SHEPrMM, CBxA3aHHOM Cc HapyilleHHeM TeTPpa9\PH4YHOCTH BaJIeHTHOCTeH, 
' O6pamiaet na ce6a BHUMaHHe TO, 4TO pacteTHble BEIMUMHbI M3ObITOUHDIX 9HEp- 
Tui HanpsA*KeHHA CyUIeCTBeEHHO MeHbIMe OMbITHDIX (KaJIOPHMeTPH4eCKUX) 3Ha- 
ueHui. W3 storo cleqyeT, TO MOMOBMHA HAlpsAxKeHHA OOA3AHA U3MCHEHHIO Be- 
WMYAHEI SHeEpruu B3aMMOselicTBMA BaJICHTHO CBASAHHBIX ATOMOB (HalIpsKeHHIO 
je5aseit). ’ : 
' IIpupeqenupie mpuMeppl moKasplBaloT, 4TO MpwwiaraeMbId YHHBepCaJIbHbIM 
ToTeHIwa JaeT pasyMuble pesysbTaTbI B IIpHMeHeHMM K pacdeTy MHOTFHX 
CBOHCTB BellecTBa. JlanbHeiimiMe UCCIeOBAaHHA MOKAKYT BO3MOXHOCTh YTOU- 
HeHHA KPMBHIX B3auMoselictBud. Ham KaxkeTCA, OMHAKO, 3aCYKMBAIOULMM BHH- 
MaHHA yoKe HM TaKoM cmoco6 pacueTa, KOTOPbIM MO3BOIAeCT MpeLCKa3bIBaTb CBOH- 
CTBa C TOUHOCTHIO MHOFO Jy4ilei OLHOrO NOpAAKa BeMUMHEL. 


o\ : 
VnctutyT semenToopranMueckux coeqMHeHHit Tlocrymuio 
Akayemuu HaykK CCCP 26 IX 1960 


IMTHPOBAHHAA JIMTEPATYPA 


_W. Kutatiropogckui, Opraknueckan Kpucraitoxumus, M3y. AH CCCP, 
el. Kit ai bs rodsky, Tetrahedron, 9, 183(1960). * A.W. Kurai- 
Kut, K. B. MupcKas, Kpucramsorpapua (B  meuatu). eA. DeGro- 
. Chem. Phys., 29, 446 (1958). . 
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PH3Z3HYECKAA XHMHA 
Axayemuk B. H. KOHJPATbEB 


KOHCTAHTA CKOPOCTH PEAKIMH HO,-++ H,0 = H,0, + OH 


B. A. Tlontopax u B. B. Boesogckuii (1) noka3anu, 4TO B Cocyax, 00- 
pa6oTaHHbIX XJIOPHCTLIM KaJIHeM, BOCIJIaMeHeHHe rpemyyeH CMeCH Ha TpeTbeM 
mpeqese ABJIAeTCA IeMHbIM, a He TemJoBbIM. Eme paHee Onlio noKa3aHo (?), 
4TO B OO/IACTH TpeTbero Mipelesa BOCMaMeHeHHA, Hapsy c MpoweccaMH, yuacT- 
HHK@MH KOTOPbIX ABJIAIOTCA aToMBI H, O u pagqukasbi OH, BaxHyt0 pOJlb urpa- 
1OT Mpouecch! HOz + He = H2O2 + H uw HOz + H2O = HeO2 + OH. | 

M3 MexaHu3mMa peaKIMH novwyyaeTcA ypaBHeHHe | 


[(e+ 63h |] (1) 
Qhke ?/3kep + koPt.0o) (P+ PH,0)  ’ 


re ky, ke, ky = k}(p + pu,o), kg W ky — KOHCTAHTbI CKOpOCTH MpoueccoB 


H+Os= OH+0 (hh); (I) 
H+0.+M=HO.+M (he); (II) 
HO. —ru6emb Ha cteHKe (kr); (III) 

HO; + He = H202 + H (Rs); (IV) 
HO, + HO = H202+ OH (hp); (V) 


p—cyMMa napuabHbIx JaBseHul He u Os UW pu,o — NaplwasbHoe aBsenne 
H2O, Ha OCHOBaHHH KOTOpOrO H3 TeMMepaTypHOM 3aBHCHMOCTH J\aBJIeHHA 
Ha TpeTbeM Mpesee pz B MpeLMONOKeHHH, YTO BOCIWaAMeHeEHHe MpOHCXOLUT 
B TOT MOMeHT, Kora cmecb 2H2 + O2 npakTH4ecKH MOJIHOCTbIO peBpalleHa 
B BOLy, T. e. Kora p = 0 u ps = */2 pu,o, a TaKKe B MpeAMOMO%KeHHH, TO 
kg <ky, Nontropak u Boesoyckuii Aa KOHCTaHTBI CKOpocTH mpouecca (V) 
TO yun ko = 2-10-18 e~80%/RT cy? -monekya-}-ceK7?*. 

Tak Kak, ofHako, Es = 8000 Kan/Mob 3Ha4HTeJIbHO MeHbIIe TeIMJIOTHI SHO- 
TepMuyecKoro mpouecca (V), coctaBasioujel oKon0 30 000 Kau/Monb, To Ilou- 
Topak HW BoesocKkuli NpHULIM K 3aKJIOUeHHIO O CyWleCTBOBaHUH AByXx (opM pa- 
mukasla HOe pa3sam4Hol crenexu yctoiiunpoctu (cM. TakxKe (*)). HmKe Oyyer 
MOKa3aHO, 4TO Oovlee TOUHDI pacueT, HCMOJIb3YIOUIMH Te Ke JKCMEPHMeHTAJIbHbIe 
nauHple Ilortopak wu BoeBosckoro, MpHBOAUT K BeJIM4YHHe SHEprHu akTHBAaUNH 
mpomecca (V), O1u3KOH K ero TenOBOMy adcdeKTy, YTO CHHMaeT BOMpOc O AByx 
(bopmMax payuKana HOs. 

BBola HavaibHoe JaBieHHe po CTexvomeTpHyuecKoH cmecH He u Os, cBA- 
3aHHoe C JaBleHHeM p B paBeHcTBe (1) cooTHOWIeHHem p = po — °/2 px,o (’), 
43 9TOTO paBeHCTBa HaXOJUM 


2 3b —4 Shrenis 7 
Po— 2(a — == Pui. Bo sy (c — 9:6 GPp.0— —| Phyo )= a 
__ 3 Rok! ho 3 
ai Sa 


7 


t Jlanee, moJlaraxvA, YTO BOCTaMeHeHHe MPpOWCXOAHT NpH HEKOTOPOM MHHUMadJib= 


(HOM 3HaYeHHH Po (Powns = 03), ONPeeAe€MOM yCJIOBMEM MMHAMyMa 


apo A 0 
’ 4p y,0 


M3 STOFO YCJIOBHA MbI MOJy4aem CJleyIoulee COOTHOLIEHHE MexKy Ps MH Pu,o: 


assay xieae 
nec. San). 1b — 4 


P 


Tloqctapisa 2To 3HayeHHe py,o B Mpelbilyulee KBapaTHoe ypaBHenHe, mocue 
HeEKOTOpPbIX MpeoOpa3s0BaHHii HaxosuM 


2 12 (5,8b — 7,4) c(b —1) + 4,8-6,402 
6 Ps — 20 aay Ps \12 —— ge (2) 
N 
' Us natupix Yuna6ypua u Tunmespsyya (4) cnenyeT (*), YTO pH Temnepa- 
Type 586° C Koucrauta ko Ha opsqoK Gombe KoNCTaHTHI ks. Tak KaK OMbITbI 


Hontopak u BoespogcKoro mpopoxuNch mpH OIM3KUx 


| eae TemlepaTypax, MbI Oyflem cuHTaTb b = k,/kg > 1. yes / 
; 3TOM CJlyuae ypaBHeHne (2) MOxKHO MpHBeCTH K BUY: Ve 
pe 
2,9 - Ps a k <s 
6 Re pe Ae 48 
a 6 Eppa: 2 ‘ F 
5 a — 2 Mer (8 ae (2) «re: we 
: 6 re x 
. 7. 
Pe a = k-/ko. 
Pela 9TO ypaBHeHue, HaxOHM qplecaee i, 
\ ie I Ih $6 
ie fj ee eee 
- 2 pe — hall is Ay Lag 5,76 p% ) 4) 7y 
= 5,76 Re iY (2,9ps — Ra/ ke)” Puce. 1 


' Ilo gaunpm Tlonropak u BoesoscKoro HaMH ObIWIH BbISMCJIeHbI 3HaYeHHA 
(BENMUMEBI a DIA Tpex TemMepaTyp, OXBaTbIBAIOIMX BeCb H3SYYeHHbIM HMM TeM- 
MepatTypHEi unteppan. Ha pue. | lg a otnoxen B byHKuMH 1/7. V3 naxnona 
MpaAmMcH 2a 9Hepruu aKTHBalNH mpouecca HOz + HO = H:O2 + OH no- 
ayuaetca Eo = 30 Kkan/Moub, T. €. BeEHUNHA, WpakTHyeCKH CoBNaawmulan c 
TenNo1oH STO peakunu, cocTaBstoulel oKoJo 30 KKas/Momb. Baugy Toro, 
4To onbith! Ilontopak u BoesoscKoro MpoBOAMJIHCb B OY€Hb y3KOM TemMMepa- 
TYPHOM HHTepBasie, NosyyeHHOe HaMH 3HayeHHe LE» MOXeT ObITh TOUHKIM JO 
HECKOJ bKHX KHJOKaNopHi Ha MOvJIb. HwxKHHM MpeesOM 3TOK BeJIMYMHbI AB- 
fiseTcA TenoBoH adxbekT mpotecca (V), Tak2xKe H3BeCTHbIM C TOUHOCTHIO oO 
HeECKOJbKUX KHJOKasIOpHit Ha MoJb*. BepxHuli mpeses MbI HalieM, oOaBAa 


K TenoTe peakUMH SHEprlo aKTHBALHH o6patHoro mponecca Ey (OH + H202= 
= H2O + HO:). Iocnequaan Benwunna MoxkeT ObITb OlleHeHa cCJIeLyouluM 
mytem. Mpoct u Onbmen6epr (*) Hawn, aro pagukatbt OH, oOpasyiomeca 
B paspse B H2Oz, ucuesaioT mpHOM3uTebHO B TeyeHHe 0,01 cex. JLonycxas, 
WTO CKOPOCTh HCYe3HOBEHHA FHApOKCUa OMpeeAeTCA CKOPOCTbIO Mporecca 
OH + H202 = H2O + HOe u aro 3a Bpema ¢ = 0,01 cek. KonNeHTpanna 
OH ymenbuaetca B 10 pas, u3 dopmMywbl 


[OH] _ —hg(H,0,)t 
[OH]o 


* Ha oOCHOBaHHH TaGMHUHbIX WaHHBIX (°) H CMeMyIOMHX 3HAVeHHH TeMIOT TMCCoWHAaAHH: 
IDo_y = 102,4 kkan/momb 4 Do, yy = 47 +4 kxkan/Monb H SHTaIbNHH OOpa3s0BaHua He2O2, 
Hoo3 = 32,5 KkKan/Monb (°), JIA TemoTE mpouecca HO2 + H2O = H202-+ OH npu cran- 
THEIX YCJIOBHAX MbI HaXOLHM —29,6 + 4,5 KKaJI/MOMb. 
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MbI HaiijleM Jl. KONCTAHTHICKOpOCTH 3TOFO Mpomecca ky=10-*4em? - MoneKys-* -ceK™ 
(pu.c, = 1 mm prt. cr., T = 400° K). Mpeqcrapnaas penwunuHy ky B BUI 


2», = ke °9*? w nonaras, YTO npekakKcnoneHT ky’ He MOIXKET IIpeBbICHT 
, 


10-4 cm?-mosiekyi-'-cek-1, Ja BepxHero mpeqena FE, Mbl NowyuH 
E’, = 5 kkaa/Monb. Takum o6pa30m, BepXHHi npefen Es BpAy IH MOKeT mpe 
BLICHTh 30 +5 = 35 KKaa/MOUb. 

Bpuuciad 3 TOJy4eHHBIX HaMH 3Ha¥eHHii a BeanuuHy ky : kg 
— 2,3-10!3 cm?-monekys-? (Eo = 30000 kan/Monb) u nonoKuB k? 
—700 cex-! *, Haiigem kj =3-10-" cm*-monekya-1-cex-! vu, culeqoBaTesbHO 
ko = 3-10-Me 000K? ous -Monexya-1-cex-!. 

Buruncium euje BemmunHy 6 = ko: ks. [logctapasaa cia HalienHoe Ham 
3Hayenne ky BMecTe C 3HaveHHeM ke, BbIPaxKaIOULHMCA NpHOM2KeHHOU Cbopmy.10 
ke =2-10-13 @7 24000/RT cy? . moek ya! -cek-} (8), 210 Temnepatypb 586° nomyau 
b = 5 smecto 6 = 11, nonyuarouleroca 43 JaHHEIx Yun6ypxHa u [unmenpBy- 
ma (7,4). | 

B 3akmoyeHHe KOCHeMCA Culeyloulero Bonpoca. Bpiie OblJiIo NPHHATO, UT 
KOHCTaHTa kg oTBeuaeT mponeccy (IV), TenoBol sdbekT KOTOpOrO COCcTAaBJIAeT 
—15 xkan/Momb. Kpome 3Toro mpolecca BO3MOxKeH, OHAKO, IKSOTEPMNGeCKHH 


mpomwecc 
HO, + H, = H,0 + OH (IV’) 


C TeMJOBbIM 3dpeKTOM -+-03 KKaJl/MOWIb. 

MoxkHO TloKa3aTb, 4TO C y¥eTOM OGOHX 9THX MpoueccoB ypaBHeHnne (1) He 
V3MeHHT CBOerO BHa, UH TOMbKO BMeCTO KOHCTAHTHI ks MbI Oy/eM HMe€Th CYMMY 
kg + Rs. 

VimetouluxcA 93KCIePHMeHTAJIbHBIX JaHHbIX HeOCTATOUHO, YTOOI PelHTb 
BONpOC O TOM, J\OJDKHbI JIM B 3TO ypaBHeHHe (B H3yYYeHHOM TeMiepaTypHOM 
HHTepBasle) BXOJHTb O6€ KOHCTAHTbI HJIM TOJbKO OHA H3 HUX. IIpu 9HMOTep- 
MHuUHOCTH Mporecca (IV) B 15 kKKan/Mo.b 39HEPHA aKTHBAHN 24 KKad/MOJIb 
MmpecTaBAAeTCHA BIOIHe MpHemsemoH. C Apyrou cropoubi mpouecc (IV’), uay- 
LH C paspbIBOM JByx cBxa3eH (H — H u HO — O), Hecmotps Ha ero OovIbuyt0 
9K30TEPMHYHOCTh, OJMKeH OONaaTb 3HAYHTebHOM SHeEprMe aAKTHBAaLMH 
MaJIbIM CT@pHUe€CKHM MHOXKUTeEM, YTO TaK%Ke HY2XKHO CUHTATb COBMECTHMBIM C 


KOHCTaHTON ks (UH Rg) = 2-10-18 e-*40°/RT cy®.monekyi-}-cek"?. 


Tlocrynusio 
7 XII 1960 


WHMTHPOBAHHAA JIMTEPATYPA 
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c KH, MexaHu3M OKHCeHHA H ropeHua BoZopoza, May. AH CCCP, 1949. #7 V. V. Voe- 
vodsky, Seventh Symposium on Combustion, London, 1959, p. 34. * A. H. Will- 
bourn, C.N. Hinshelwood, Proc. Roy. Soc., A 185, 353, 369 (1946); A 188, 
1 (1947). ® Selected Values of Chemical Thermodynamic Properties, Washington, 1952. 
* P. Gray, Trans Farad. Soc., 55, 408 (1959). * A. A. Frost, O. Oldenberg, 
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* So yncso now arin 2A 
yueHO Ha OCHOBAaHHH (popMyvibl kz = — 7a, THe D, koappunnent Auhpy- 
3HH MIpH JaBienuu | mm prt, cr. H d — AMaMeTp WapoBOro peaKlWMOHHOrO cocyfa (d = 4 cm). 
Kosppuuvent audpy3sHH pagukasa HOz mpupaByen KoappuuHenty AHGMpy3HH Og, cocTaBjsto- 
IeMy TPH: HOPMaJIbHbIX TemMepaType H JaBseHHH 0,2 cm2/cexK, 
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PHSHTECKAA XHMHA 


A. A. MAJIBLLEB, B. K. MATBEEB u B. M. TATEBCKHH 
O MPMPOME «®JTYKTYAUMOHHbIX MOJIOC BOPHOM KUCJIOTbI» 


(II pedcmaeaeno axademuxom B. H. Koxdpameeeum 5 X 1960) 


XOpoulo H3BeCTHO, 4TO IWaMeHa pH BBeJeHHH B HUX Sopa WIM ero CoezH- 
Henuii OKPalIMBaloTCA B 3eJICHbIH UBeT, OTO 3eeHoe CBeYeHHe OOYCJIOBJIEHO pA- 
JWOM TaK Ha3bIBaeMbIX «pyKTYAUMOHHbIX MO0c GopHoli KACIOTHD (4), KOTOpHIe 
Be ioncikenn B o6sacTH oT 3700 yo 6800 A u ucnoub3yloTCA LIA CHeKTpooto- 
MeTpHyecKoro aHaiH3a Ha Oop. XoTA (JlyKTYaIHOHHbIe MOJIOCHI ObIWIM BIepBbIe 
} | been ele B MpOuvioM Beke (*), HX NpHpoa Ao CHX Nop HeH3BecTHA. 
Tlonocnt orHocumu K GopHol KucsoTe (7), pagquKanam BO (’), BOH (*) u moue- 
kysie BeOs (°,°). B pa6ote (’), kKoTopasa ObiJia 11poBeseHa B Halle sa6opaTopun, 
Ha OCHOBe aHaJiIH3a H3OTONHBIX CJIBHFOB B KaHTaXx (pJIYKTYaMHOHHBIX TONCC ObIIO 
NloKa3aHo, 4TO OTHeECeHHe 3THX NMowoc kK payuKay BO (*) HenpaBuJbHO HM 4TO 
MOJleKyJla, aroulad cnekTp «OOpHOH KHCJIOTbI», He COMepXKHUT B CBOeM COCTaBe 
BOMOposa, a MpescTaBaeT coOolH MHOrOaTOMHOe KHCJIOpomHoOe CoeMHeHHe Sopa 
‘coctapa B,O,. Ec Obi :lykTyalHOHHble Moloch Obl OOyCOBeHbI MOweKT- 
WOW, Cofep Kale Ba aToma Oopa, HalpuMep MovieKyIoH BeOs, Kak yTBepKa- 
tor CoymeH, CranutaHoufza u Maprperns (°,°), To Torqa np cosep2KaHHH H30- 
tona B’ oxono 50% B cnekTpe OJKHO ObIJIO ObI CYUIECTBOBaTb TPH CHCTeMbI 
KaHTOB, OOYCJIOBJIeHHEIX TpeMaA H30TONHEIMH MoseKyaamu B3’Os, BUBUMO, 
m B;'Os. 

_ Ucnonp3ya paspaquyto TpyOKy C ropsyHM MOJIbIM KaTOMOM (’) Ha CieKTpo- 
‘rpade JL®C-3 c aucnepeneit 2 A/mm, Mbl CHAM CHeKTpbl HcnycKaHuA dyKTya- 
MOHHBIX Mosioc B OGsacTH 5470, 5800 u 6300 A B 3aBHCHMOCTH OT H30TOMHOTO 
cocTaBa OKC Gopa (KOHUeHTpaunAa usoTona BY Opa 18, 55 u 90%). Ha 
puc. | (cm. BKselixy crp. 68) nokasaHbl H30TOMHEIe cABurH B Mosoce 5470 A. Ha 
CNeKTpe BUAHO TOJIbKO [Be CHCTEMbI HSOTONHBIX KaHTOB, YTO MOXKET ObITb OOyCJIOB- 
‘JI€HO MOJIeKy JOH, Cofep2Kallieli oH atom Sopa. IIpapya, He McK O“eHA, HO MaJic- 
BePpOATHA WM TAKAA BOSMOXKHOCTH, YTO H3OTONHbIe CIBHTH Me*KAy MOJeKyJO“ 


B’BUOs uw Kakoii-M60 13 MoueKys B3"Os wim B3'Os HacTOMbKO MaJIbI, YTO MBI 
‘MX He HaOyrojaem. 

B cBaA3H C TeM, YTO H30TOMHbIC MOJOCbI He AalOT OLHOSHAUHOLO PeLeHHA OT- 
HOCHTEIBHO MpHposbl byKTyaWMOHHbIX MOIOC, Obi MCCeLOBaHbI CNeKTPbI 
MCIyCKaHuA M MOrouleHuA MapoB Hal OOPHbIM AHI pHAOM B BUAMMOM HM HH- 
pakpacuoii o6nactu Tipu Temnepatypax 1200—1550° CB nuepruoiit (He, Ar, Ne), 
‘OKUCJIMTebHOM (O2) HM BoccTaHOBTebHOH (Hz) aTMocepax UB NpucyTCTBHH 
MapoB BOJbI. 

- Oxucb 6opa momelanacb B TpyOKy M3 TepMocTOHKOoro dapdopa uw HarpeBa- 
aCb B rpaduToBoi mewn. C MOMOLIbIO CTeCKJIAHHbIX HaCaOK C OKHaMM TpyOKa 
MpucoequHANAch K BaKYYMHOli yCcTaHOBKe, KOTOPaA CAyxKUa LIA OTKAYKH U 
HANOJIHEHHA CHCTeMbI pasMuHbIMM rasamu. Tlepeq Hauasom paOoTbl OKUCb Gopa 
‘TilaTebHO OOesraxkKUBaslacb npu 1000° u HempepbIBHOH oTKaye (TpyOKH u3 Tep- 
‘MOCTOHKOrO cbapdopa nosBoNAIM JocTHraTh BakyyMa NopsyKa | -10° mm pr.cr. 
pu 1550°). Temnepatypa u3mepsuiacb BHYTpH TPyOKM MaTMHO-1WIaTHHO- 
“poguepoi Tepmonapoli usm onTHuecKMM MMpoMeTpoM. CneKTp ucmyckaHHa 
'M MOPIONeHHA B BUUMOH OOsacTH CHUMaJICA Ha cneKTporpade MCII-22. Cnextp 
“TIOPMOWeHHA PeTHCTPHPOBasICA C MOMOLLbIO CieKTpOPOToMeTpuyecKOH MpucTaB- 
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KH KOHCTpyKitMM J[maHoBa-K.aoKosa (°). CnekTpbl ucnycKaHuA uM MOrsouleHu 
B HHdpakpacHoli oOlacTH CHUMasMCcb Ha cnekTpometpe MKC-6 c ycusutene 
lepeMeHHOrO TOKAa, COOpaHHbim mo cxeme Mapxopa (°). Tak Kak aHasus crleK 
TPOB B BAUMOM HW HH*pakpacHow OOacTAX MOKa3aJ, YTO CIEKTPbI UCIyCKaHu 
H TOPOWeHHA MOJIHOCTbIO COBMaaloT BO BCeX HCCJIeAyeMbIX aTMOCHepax, TO 
HCCJIElOBaHHA BeJIHCb MO CMeKTPaM NOMVJIOULeHHA. 
B muteparype (°) oTMetalocb B3aHMOjelicTBHe OKHCH Oopa Cc apopoBbimr 
TpyOKaMH, TlOSTOMY ObIIO NpoBepeHO BMAHHE MaTepHaJia TpyOKH Ha cneKTp 
apoB Hafl HarperoH okucbio Gopa. Jina storo B dapdoposy TpyO6ky BcTa- 
BUISJICA UMIMHAp, CBepHYTHI H3 NaTHHOBOH donprn, Ho, kak moKasad 
OUbIT, Takad Mepa mMpefo- 


xtc Sieh. CTOPOXKHOCTH He 06s3<a- 
Ss S$S&s TeJIbHa. 
So 2338 

Det | ost id 


Ha pune. 2 npexcraBseHa 
3aBHCHMOCTb HHT€HCHBHOCTH 
(bLYKTYAMMOHHBIX MOOC To- 
rIOULeEHHA OT XApaKkTepa aT- 
mocdepbl. B HHEpTHOH aTMo- 


Ae 


Puc. 2. Bananne pasiHuHBIx aTmociep Ha HHTCHCHBHOCTb 
«yKTYAaUHOHHEIX MosOc» norsomeHHA mpH 1500° (qaB- 
jienHe rasa 250 mm). a — He, 6 — Os, @ — He 


cdepe cbulyKTyalHOHHbIe M0- 
JIOCbI BOSHHKAIOT TOJIBKO TIpH 
Temnepatypax 1400—1550°, 
IIpH STOM HX HHTCHCHBHOCTb 


oueHb Maga. Jlo6apnenve 

KHC10powqa Wake B MAaJIbIX. 
KouIMuecTBaX (3 MM PT. CT.) pe3KO NOBbILael HHTCHCHBHOCTh (JTyKTYaILMOHHbIX 
movloc, MpHueM C yBeIHYeHHEM JaBJIeHHA KHCOposa BO3pacTaeT MH MHTEHCHB- 
HocTb mosioc. IIpu armoccdbepHoM JaBJIeHHH KHCJIoposa CBeyeHve NOABJIAeTCA 
yxe mpu 1200°. IIpu nanmunu Bofxoposa PuyKTyalMOHHble Nosochl BooOme He 
BOSHHUKAaIOT; Goslee TOO, BOMOPOA FacuT yxKe uMerouleecs cBeyenHe. IIponyckanue 
MapOB BOMLI Hal HarpeTo OKHCbIO Copa BbISbIBAeT CHJIbHbIM MepeHoc BellecTBa 
B pesyJIbTaTe OOpasoBaHHA OOPHOM KHCJOTHI, Mp 9TOM @lyKTyaMOHHbIe MO- 
JOCbI OTCYTCTBYIOT. | 

Macc-cneKTpometpwueckoe HCCIeloBaHHe mapoB Hay OKUCbIO Oopa (7%, 1) 
IpH Temmepatypax mopsiKa 1300° noKka3ao0, 4uro B BakyyMe WJM B HHEpTHOH 
aTMocdepe nap Haj OopHbIM aHrHpHOM COCTOHT B OCHOBHOM H3 MOVJIeKYJ 
B2Os. Tlostomy aHoMaJIbHoe BAHAHHe KHCOpoa Ha MHTeCHCHBHOCTh (pJlyKTya- 
ILHOHHBIX TOOC NO CpaBHeHHIO C HHEPTHOH aTMocdepow yKa3bIBaeT Ha TO, 4TO 
9TH NOOChI NPHHalWexKaT ApyroMy KHCJOpOMHOMy CoesMHeHHIO Oopa c Ooviee 
BbICOKHM CojlepxKaHHeM KHCAOposa, 4em Mowiekysa B2Os. Ilo namemy MHeHUIO, 
sTO paukal BOs (#7). Tora yBesMyeHHe HHTCHCHBHOCTH @/1yKTyallHOHHbIX 
Nosloc Np AoOaBMeHHH KHCOpOLa MOXET ObiITb OODACHEHO peaKiHel B2Os + 
+ 1/202 = 2BOz, a BOSHHKHOBeHHe (IYKTYAaLHOHHBIX MOJIOC B HHeEPTHOH ar- 
moccepe mp Temnepatypax 1400—1500° o6ycoBneHO He3HadHTe/bHOH JuC- 
coumMauvel oKucH Oopa BeOs = BO 4- BOz. KosmuecrBeHHble H3MepeHHA 3a- 
BUCHMOCTH HHTCHCHBHOCTH (YKTY aILMOHHbIX HOJIOC OT AaBeHHA KuCOpora (1) 
MlOJIHOCTbIO =TOATBep*KMLatoT, 4TO HOCHTeeM (JIYKTYAaIMOHHBIX NOJOC AB- 
uiseTca paiukal BOs. SToT BEIBO XOPOWIO CormacyeTcA C H3OTOMHbIMH CABH- 
raMH, O KOTOPbIX FOBOpHJIOCb BBILMe. 

IIpu ucceqopanun WHdpakpacHbIx ciekTpoB B OOacTH oT 3 Zo 12 Hamu 
Oblia OOHAPy2XKeHa TOMbKO OHA HOsoca OKOMO 2000 cm-t, KoTOpan O6ycOBsIeHa 
KOeOaHHAMH BoHOH cBi3H B =O moviekyabt BeOs (14). MutTencuBuocts 
nowiocbi norsiouyeHua 2000 cm-+ ofHHaKOBa B aTMOCepe FeJHA, aproHa, agora, 
KMCOpoxa HU BOLOpOfa MH CHJIbHO BO3pAaCTaeT MPH MponycKaHHU MapoB Bob, 
OYeEBHILHO, 3a CueT YBeJIHYCHHA KOHILEHTPalHA MOVIeKYyJ, CoepwKaulux Ppynny 
B = O. Takoit mouexyoi Kpome BoOs B MpHCyTCTBHH apoB BOAbI MO*KET ObITb 
WM Moviekyia HBOz. To, uTo KucOpo MpakTHYeCKH He BJIMAeT Ha MHTCHCHB- 
HocTb movocbl 2000 cm-1, ropopuT O TOM, 4YTO KOHWeHTpaluA pasuKaa BOs 
mpH 1550° HeBeawKa m0 cpaBHeHHIO C KOHMeHTpallveit MovieKy B2QOs. 
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CyenaHHbii Hamu B 1958 r. BbIBOA O TOM, 4TO (byKTYAaHOHHBIe NONOCHI 
OOycIOBeHbI pawquKasiom BOs (!”), noxTBep»xkaeTCH TOMbKO 4TO BbIMEMUEe 
aHoToH KackeHa uw Musunxena (°) no ucceqoBaHuio MHTeHCHBHOCTH (pIyK- 
TYAaUMOHHBIX MoOC B TpHMeTHOOpPaTHHIX mylaMeHax, 


*) 
MockoBcKHH rocyfapcTBeHHblli yHHBepCHTeT Tlocrynuo 
um. M. B. Jlomonocosa 3 X 1960 
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Jloknaym Akayemun tayx CCCP 
1961. Tom 137, Ne 4 


PH3HTECKAA XHMHA 


HW. Jl, POHX uw H. MM. BOJIOTHY 


O COOTHOWIEHHH MEDK]Y BbIEJIAIOWIENCHA H,0, 
H KOJIMUECTBOM OBPA3YFOWHXCA MOJIEKYJI OKHCJIA 
MPH ATMOC®EPHOM KOPPO3SHH Mg u Al 


(Ilpedcmaeneno akademuxom A. H. Ppymkuroim 5 1X 1960) 


@Mororpaduyeckuli MeTO HCCeqOBaHHA ATMOCdepHOH KOPpO3HH MeTaJJIO 
OCHOBaH Ha TOM, YTO OO6pa3s0BaBlaACA Mp OKHCJICHHH TNepekHCb BOOpoy 
o6slaaeT CnOcOoOHOCTHIO CO3aBaTb CKpbITOe doTorpaduyeckoe u300paxKenne 
BuarojapaA paspaOoTaHHOMy cnocoOy MOBbILIeHHA UYBCTBHTeJIbHOCTH (oTo 
CuIOA K eHCTBHIO MapoB H2O, MOxKHO HCCeELOBaTb KOPPOSHIO MeTAJIJIOB B O4eH 
PpaHHHX cTAaqHAX (LOH CeKYHAbI OT Havasia oKHCJeHHA (')). B 9TOM OTHOWeHHH 
Tak 2Ke KaK HM NO CBoeH Mpoctote, doTorpabuyeckuHh MeTO UcCNeqOBaHHA 06 
JlajaeT TIpeHMYULeCTBOM Nepe ApyrHMH H3BeCTHBIMH MeTOfamH. Jia ero 060 
CHOBaHHA HeEOOXOLHMO MOKa3aTb, TO OOPas0BaBllaACA Mp OKHMCJIeCHHH MeTaJ 
NoB H2Oe aBJIseTCA OMHHM H3 OCHOBHbIX 3BeHbeB KOPpO3HOHHOrO Mporecca (7) 
Jloka3aTeJIbCTBOM STOO MOFVIO Obl CJIY2KHTb COBMAaeHHe PesyJIbTATOB HccseLo0 
BaHHAl KMHeETHKH aTMocdepHOH KOppo3sHH, MpoBeleHHoro doTorpaduyecku 
MeTOJOM HM KaKHM-JIH6O ApyruM, TeopeTHYeCKH H 9KCNePHMeHTAJIbHO OOOCHO 
BaHHbIM. B kayecTBe MeTOa JJIA CpaBHeHHA Obl BLIOPaH ONTHYeCKHH NoApH 
3al\HOHHbIli MeTOJ, UCC@OBAHHA TOHKHX MJI€HOK, TeOpeTHYeCKH paspadoTaHHbl 
JIpyae (*) H wWHpoKO 9KCNepHMeHTaJIbHO MPHMeHeHHbI WH yTOUHeHHbIN Tpou: 
cTajlom u BuntepOottomom (*) quid HCCelOBaHHA KOpPpO3HH MeTAaJJIOB. ITO 
MeTOA OCHOBbIBaeTCA Ha H3Y4eHHH MapaMeTPOB IJIJIMMNTHYeECKON NOAPH3 any 
cpeta (A H %p), OTpaxKeHHOrO OT MeTaJIIM4YeCKOH NOBeEpXHOCTH, KOTOpbIe H3Me 
HAIOTCA IPH OKHCJICHHH H 3aBHCAT OT ONITHYeCKHX CBOHCTB MeTaJIJIa H TOJILLMHB' 
OKHCHOH IWIeHKH Ha eFO NOBePpXHOCTH. OTH NapaMeTpPbl CBASbIBaIOTCA C TOU 
WWHHOH OKHCHOM IWI€HKH H ee MOKa3aTeJIeM MpeJIOMJICHHA CJIELYIOULHMM 3aBH! 
CHMOCTAMH: 


Qap— 2p cos?@—a 


pace 2 A—A _— a’sin 2p 
L= Sy Se ee cos? @ ' (1. 
4 (to) 
1 
rye 
a es cos @ sin? @(cos?@—a) , Ae 1—*# ap 2x 
~~ (eostp— apa 87 wae eA, Lae 

L — tTommuna CJIOA, Mi — NOKasaTeJIb MpPeJIOMJICHHA CJIO“, A — AJIWHa BOJIH 


TlaaroulerO ~MOHOXpoOMaTHYeCKorO cCBeTa, f — MOKa3aTeJIb MpeJIOMJIeEHHA Me 
Tasila, % — KoOSPUIHeHT NOrOuleHHA MeTaJa, P — yrou NaleHuaA sya Hi 
MeTAJIJIMYECKYIO NOBEPXHOCTE, t) — yrO HaKOHA MMOCKOCTH KoOeOAHHH Naga 
wero JIMHeHHO NOJIAPH3OBaHHOrO CBeTa K MJIOCKOCTH NafeHuA, XapakTepH3y 
IMii OTHOCHTeJIbHOe H3MeHEHHE AMMMJIMTY, KOMNOHEHT, PaCMOJIOXKeHHbIX B ITI 
CKOCTH MajeHuA H NepneHAHKYJAPHO K He JIA OTPaxKeHHOrO CBeTA. 

IIpH oTpaxkeHHH H3MeHAIOTCA He TOJIbKO AMIIMTYZbI KOMMNOHEHT, HO H 
tpaspi. Ecmm 6, 16, — cha3br THX KOMMOHEHT Mocsie oTpaxenua, TOO, —O,; = 


Yeptouku Hag A u tp o3HaualoT, YTO 3TH NapaMeTpbI OMpeseNeHLI AIA YACcTO 
MeTaJIIM4YeCKOH MoBepxHocTH, a A H p 6e3 yepToueK OG6o3HayaIoT NapameTp 


126 


‘mpy HasMann OKHCHOM MieHKH. OntTuyeckHe NOCTOAHHbIe MeTaJJIa BbIparkKalor- 
‘ca uepes A uv 1p, IpHOnMKeHHO, CueLyouluM O6pasom: 
___ sing tg @ cos 2p 
1 + cos Asin 2y ’ 
Metoquka 9KciepumeHta TpeOyer, 4TOObI yCJIOBHA OTPaxKeHHA Ha MOBepXHOCTH 
MeTasa ObIIM OJMHAKOBbIMM MO BCeli MOULalM, Ha KOTOpyio MasaioT yun, 
T. €. JOuMKHA ObITb OHA H Ta 2Ke MOCKOCTb NaleHHA M yrou nagenua. Jina 93T0- 
To o6pasubi Mg u Al nogBeprasmucb TOHKOM LIHdoBKe c nomouybIo macr TOU. 
Bpicora HepoBHocteli npodusaA MeTaswiMueckol MoBepXHOCTH JIexKaa B mMpe- 
fenax 10—11 xaaccop (Hx = 0,14—0,1»). Tlogroropennpiit o6pase nome- 
{mlasicA Ha CTOJIMK CKOHCTpyHpoOBaHHOro B Hallie a6opaTOpHu MOJIApPH3allHoH- 
Horo TOHHOMeTpa *, Mocsle “ero CHHMasIHCh HayanbHple 3Hayenua A um Wp nan 
4uCTOM MeTamM4eCKoH NoBepxHocTy. Ilo An 2p Ha ocHoBaHuN dbopmys (2) BBI- 
YMCIANHCb NOCTOAHHbIe 1 Hx JA 
MeTayiia. Satem, mo Mepe o6pa3o- 
BaHHA Ha MOBepXHOCTH MeTavuia 
CNOA OKHCJIa, H3MepsAIMCh 3Haye- 
nua A uw 2%. Ilo 9Tum 3HayueHuaM, 
ucnolb3sya dopmyvnt (1), ompexe- 
aanmuch L Umi cOA OKHCIa Ha 
MeTaJJI€ B pa3JIM4HbIe MOMeHTHI 
BPeMeHH Mocwie HaYaa OKHCJIEHHA, 
Mcnoup30Banve ammpr CBJI-120A 
‘¢ ApkoctTbio oKOVIO 5000 cru1b6oB, 
‘TulaTesibHad ajlantauua ruaga Puc. 1. Kpuppie kuHerHKu okHcenHa Mg u Al, 
(15 MHH.), cTporoe coOulo,eHHe MOJTYYeHHbIe otorpauseckHM M ONTHYCCKHM Me- 
TOMaMH, @ — OMTHYeCKHii MeTOX, O — cdotorpa- 
HeMOBUAKHOCTH OOpasila Ha Mmpel- uuecknii Merton 
| MeTHOM CTOJIMKe B TeyeHHe BCero 
rpollecca HccselOBaHHA KHHETHKH 
(5 uac.) o6ecneyu“H BO3MOxKHOCTS H3MepeHin L B2—3 A. Ina n, x HM m1 NO- 
YWeHbI Crelyrouwe Janubie: npx A = 5890 A u @ = 60° qua Al n = 2,37; 
@ = 1,53; my = 1,51; gaa Mg n = 0,484; x = 6,93; m = 1,7. Pesyaptatur 
| H3MepeHHH aloT BOSMOXKHOCTh MOCTPOHTb KPHBbl€e KHHETHKH PoOcTa OKHCwJla Ha 
Mg u Al, KoTopnie npescrapuieHbt Ha pxc. |. 
_ WUccneqopanua mpopogusucb npu 20 + 1° u oTrHocHTebHOM BaxKHOCTH 
7 = 638 + 5%. Kangana Touka Harpaduke ABJIAeTCA CpeMHHM 3HadeHHeM 43 
flecaTH u3sMepeHHi Aaa Al uv Bocbmu — Aaa Mg. 
- Heo6xoyumo umerTb B BUY, 4TO MOBePXHOCTb MeTAJIIa BO BCeX CJIyYaAX B Ha- 
Yale UCCMeMOBaHHA HUKOra He Oplla AOCTATOUHO YHCTOH OT CJIOA OKHCwJIa (°). 
‘Kpome Toro, onTuueckuMu HcCleloBaHHAMH MoKasaHo (°), YTO Ha BCeX OKHCJIAIO- 
WIMXCA MeTaJINaX MpOHCXOAUT TakxKe OOpas0BaHHe MOBepXHOCTHOH acopOupo- 
BaHHOM ragoBoli WieHKH, KoTOpas, Hanpumep, Qua Al pocruraer 9 A, Ecam uc- 
XOMMTb W3 STHX JaHHBIX, CyMMapHaA TOJIMIMHA HavasIbHOH MVIeHKH ounKHa 
TipHBectu K M3mMeHeHHIO A x 2p aaa Al, cooTBeTcTBeHHO, Ha BesMunHEI 1—1,5° 
10’—12’. Taxoe u3menenne A u 2p, NPHHATHIX 3a HAWaJIbHbIe 3HAYeHHA DA 
MMCTOFO MeTAJJla, HeE3Ha4HTeIbHO BJIMAeT Ha H3MeHeHHe 1 M %, BbIUHCJIAeCMbIX 
4210 dbopmy.iam (2). [Ipu Beraucnenuax L 3To JaeT ommMOKy OKOO 2—3%. 
| Ortcioqa MpuBosumplit Ha rpacdukax MpHpocT TOVJMMHbI MWwIeHKH OKHCJIa 
¥ Ha Mg u Al MoxuHo cunTaTb BnOwIHe JOCTOBepHbIM. OrpedeueHHA TOJIMLMHbI OKKC- 
41a Ha Al uepes 24 uaca qaBanu 3HaueHua L = 17—20 A. B anbuetiuiem, c Te- 
'eHHeCM BPeMeHH, POCT OKHCHOM MJIeHKH CHJIbHO 3aMeVIAJICA WM Yepes cyTKH L 
Bo3pactalo MeHee, uem wa 4A, Ha Mg u.uepes 2—3 cyToK o6napyxuBasocb 
| yBemuenuve TomMMMHEI OKHCIA: Loy ~ 15 A; Ligr ~ 22 A. 
| CnpamsjeHve KpuBbIx Ha puc. | AaeT cueqyroulHe 3aKOHOMepHocTH pocta L 


. * Tlomb3yemcax ciyyaem BbIPasHTb ONarogapHocTh B. A, Mapuenko, C Oombmon TuLaTe/Ib- 
JOCTbIO BHIMOJIHHBIeEMy MeXAHHYeCKyIO YaCTh NMOMAPH3allHOHHOTO TOHHOMeTpa. 
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ei 


x = sin A tg 2y. (2) 


/ 2 J 4 5 vat. 


B MCCIeE,OBAHHOM HHTepBaie BpemeHH (5 yac.): gua Al L? = 31¢; aaa 
Mg L?2, = 63 ¢. Brakux Ke yCOBHAX TeMMepatypbl, BJIaxKHOCTH HW MOJTOTOB- 
KH OOpasilOB MpOBeJeHbI HCCIeOBaHHA KHHeTHKH OKHCAeHHA Mg u Al dotorpa- 


(pH4eCKHM MeTOJOM. 
XMMHYeCKHH COCTaB HCCJIeOBaHHbIX MeTaJJIOB (MpHMecH B %): 


Fe Si Mg Cu 
Mg 0,004 0,009 0,0021 = 
Al 0,0016 0,0016 — 0,001 


Toxko muimMdoBaHHble oOpasip Mg u Al nomenlaivcb Ha (OTOMMACTHHKY HU BBI- 
Jep2xKHBasINCb Ha Hel 0,5, 1, 2, 3, 4, 5 uacop. DoToMeTpHpoBaHHeM ycTaHaBJIH- 
BaJlaCb ONTHYECKAA MJIOTHOCTh NoyepHeHHH D, nosy4eHHblx B pe3ybTaTe DelicT- 
BUA BbI,eIAIOMLeHCA TPH OKHCIeHUH 
H2Oz2 Ha cdotocuioi (pyc. 2). Satem 
IIpPOW3BOAWICA MepecueT 3Ha4yeHHi 
ONTHYeCKOH MJIOTHOCTH NOo“epHeHHii 
(ABJIAIONLUXCA CpelHHMH H3 WecTH 
OMbITOB) Ha aOcOJIOTHOe YHCJIO BBI- 
eMBUInXcaA MovieKy HeOe. Jaa 
3TOro: 
1. YcraHoBseHa 3aBHCHMOCTB 
08 16 2 32 40 48 56 fF 92 40.m* Mey MJOTHOCTbIO NovepHeHuA D 
, MU KOHIMeHTpallHel pacTBopa HeOs, 
BHISbIBaIOWLerO aHHoe MovepHReHHe, 
Puc. 2. KpHppte 3aBHCHMOCTH ONTHYeCKOl Mm0T- 2. OnpeseseHo KOJIMYeCTBO U HC- 
noctu D oT Bpemen skcnosHuHH Mg u Alnacbo- mapaBuleroca pacrBopa H2Os B ycuio- | 
pogo OT 4HCJIa BbIZeJIHBINHXCA MOWIE- BHAX ONbITa (Haq MOBep XHOCTbIO 
PE Re kOe ee a ee uciapsouleroca pacTBopa B TeueHHe 
1 MHH. Ha paccToaHHH 2 MM MOMe- 
ialach (oTommacTHHKa, 9MyJbCHeli K pacTBopy, mpuH 20 + 1° u np 
r = 638 + 5%). TlonyyeHo v = 0,218 mr/cm?-MHH., MOCTOAHHOe JIA KOHILCHT- 
pamuuu pactsopa H2Os B uccneqopaHHoM MHTepBane 0,05—2%. 

3. PaccuntaHa MOJIbHad Joa HeOe yn B Mapax Hal pacTBOpOM MepeKucH 
BOLOpoLa ONpeleseHHOM KOHMeEHTpanuA no dopmywie CxsTuapsa u Jp. (’). 3Haa 
UH Yn, MOXKHO BLIYHCAUTb KosHYecTBO nN’ MOseKYyJ H2O2, BbISbIBaIONLHX aHHOe 
nlouepHeHHe, TaK KaK M@KLY BbILeMBUIMMCA H MOMAaBLIMM Ha oTocsow yHCIa- 
MH MosleKys H2Oz cyulecTByeT mpaAmMasd 3aBucHMOCTD (?): 


no, =0ynN/Mn (3) 


(VN — 4ucno Asoragpo, M~ — MonekyaapHpiit Bec pactBopa H2O2). Ho tax 
Kak (pOTOMJaCTHHKa pacmosiowKeHa Ha paccTOAHHH 2 MM OT MOBepXHOCTH pac- 


TBOpa, A2Ny,0, YObIBaeT C BbICOTOM IKCMOHeEHUMaIbHO (8), To 
NH,0, = fice = (4) 

OyeT TEM KOJINUeCTBOM MoJIeKy H2O2, KoTopoe, BbIJeiaacb c | cM? MoBepxHO- 
CTH pacTBopa, BbI3bIBaeT Ha | CM? BHAHMOM MOBEpXHOCTH (OTOMMAaCTHHKH aHHoe 
movepHeHne, eCJIM OHA pacnosloxwKena HenocpescTBeHHO y pactBopa. Ilo Bprmuc- 
JIGHHBIM TaKHM OOpa30M 3HaYeHHAM f1H,0, MOCTpoeH TpayHpoBouHHI PrpapuK 
D =D (n’) (puc. 2). TMombsyacb sTHM rpatbHKOM, MOXKHO MepeHTH K KHHETHKe — 
BbiqeieHua H2O2 mnpu oxucnennu Mg u Al (puc. 1). 

CopnajeHve KpHBbIX KMHeTHKH OKUCIeHua Mg uw Al B yKa3aHHOM MHTepBasie © 
BpeMeHH, MOJYYeHHbIX cboTorpaduyecKHM HM ONTHYeCCKHM MeTOaMH, YKa3bIBaeT 
Ha CYULeCTBOBAHHe JIMHeMHOM 3aBHCHMOCTH MexKY YMCJIOM BbIJeMBUIMXCA MO- 
JekyJ HeOz uw TomHHOH OKHCHOM MIeHKH. STO MoOsBOAeT CeaTb BbIBOL, 
4TO 9JICEMeHTapHOMY aKTY OOpa30BaHHA MOJIeKyJI OKHCJIa COOTBETCTBYeT CTporo 
olpefeieHHoe KOMYeCTBO OOpasoBaBLIHXcaA MOJIeKy H2O2. BemeqcTBve 3TOro 
BbIAeIAIOULAACA MpH OKucWeHHH HeO2 MoxeT CJlyKHTb KPHTepHeM MW3yY4eHHA 
KOPPO3HOHHOPO Mpomecca Ha MeTaJe. 
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B JlabHelieM BbIACHAJIOCb COOTHOWIeHHeE MeXKAY 4HCJIOM RbIAeHBIINXCH 
onekys H2O2 u uncom MoJeKys okucnoB MgO u AloOs. Jia Bpruncnenna 
COIOTHOPO YMCJIA MOJIEKYJI OKHMCIA, COOTBETCTBYION[EFO YHCJY BbIeCMBUINXCHA 
oiekyJI H2O2, HeoOxo{MMO 3HaHMe BeJIMYHHEI HCTHHHO MOBepXHOCTH OKHC- 
aouleroca oOpasia. Jaa Toro uTOObI BLIACHHTb BJIMAHHe KWlacca WIMpOBKH 
A BeJIMYMHY UCTHHHOM MOBePXHOCTH MeTAJIVJIOB, ObIIM MpoBeeHbI CnelHadb- 
1€ HCCJIeEOBAaHHA Ha Mpodusorpadhe — npodusometpe Tuna «Kanu6p — BIV» 
\ePTHKAaJIbHOe yBeMYeHHe pH CHATHH MpopuorpaMM MOBepXHOCTH MOxKeT 
smeHATECA OT 2000 no 120000 pas, no ropusontanu — ot 117 yo 4200 pas). 
Mpemeraacbh JJIMHa KPHBO MpodusiA NOBepXHOCTH MeTaJJIa Ip pa3ssM4HOli 
JpaOoTke C y4eTOM yBeJIMYeHHI NO BepTHKaJIH H TOpH30HTaIH, KOTOpHIe MO,- 
ipalvch WA Kaxkoro clyyad WMoBKH. CpaBHenue JMHbI KPHBOM mmpo- 
HJ MOBEPXHOCTH C COOTBETCTBYIOUeH MIPpAMOH aeT BOSMOXKHOCTh CYAUTb O 
WIM4HHE UCTHHHOH MOBepXHOCTH MeTaJIJIa MO CpaBHeHHIoO C reoMeTpHyeckoil. 
pesyJIbTaTe ObIIO yCTaHOBJIeCHO, YTO HEPOBHOCTH MpodusiaA B mpemenax 0,01— 
\% BbISbIBaIOT yBeJIM4YeHHe TeOMeTPHYeCKOH MOBepXHOCTH He Govlee 4eM Ha 3%. 
@ OCHOBaHHH OMbITOB MO H3MepeHHIO KOJIMUeCTBA aCOpOHpOBaHHbIX HOHOB 
a MeTasimax OpOaxep (°) pues K BbLIBOLY, YTO HCTHHHAA MOBEPXHOCTh me- 
IJIOB, H€3ABHCHMO OT Ba WIVIN@oBKH, B 2,5 pasa OobUIe reomeTpHyeckoli. 
oMocTaBJIeHHe HalIHX JaHHbIX C JaHHbIMH OpOaxepa’ NosBoO/IAeT CeMaTb BbI- 
yl, YTO OTMHUME TeOMeTPHYeCKOH MOBEPXHOCTH MeTAJIJIOB OT HCTHHHOM BbI3bI- 
leTCH HEPOBHOCTAMH, Jl@xKallHMH 3a MpelesamMu HaHOoslee BbICOKOFO KIacca 
jpa6oTKH MeTasIoB. C yueTom KosdppulNeHTa WepoxoBaTocTu, paBHoro 2,5, 
wry4aeM CJIeLyOIMe COOTHOWeCHHA Me?KY YHCJIOM BbIeIMBUIMXCA MOJIeKyJI 
202 Mp OKHCJeHHH WM COOTBETCTBYIOILHM YHCJIOM MOJI€KYJI OKHCWa: 


1H202 11,5 Al2Os, 

1H,0, 27,5 MgO. (5) 
puBeeM NpHMep pacueTa cooTHoweHHi (5). II[pH AByxuacoBol 9KCNO3sHUHMH 
i dotonuacTuHKke Mg gaer nouepHenve D = 1,51. Stomy D coorsetctByer 
fo) 3,15-10'*, npencraBasiomlee YHCIO MOJIEKYJI, BbIqesmIouuxcaA c | cM? 
(\MMOM MOBepXHOCTH MeTaJua (popmyvibt (3) u (4) HM puc. 2). Ecam yuectp 
bacbcuIMeHT WepoxoBaTocTu 2,5, To | cm? BHMMOl NoBepxHocTH dororivtia- 
‘MHKM COOTBeTCTBYyeT (2,0-1) CM? HCTHHHOH NMOBepXHOCTH MeTava. B oObeme 
ccna V, o6pa3oBaBiiemca Ha Mg moj 9TOM MoBepXHOCTbIO 3a 2 4aca, cosep- 
HUTCH YMCO MOJIEKYJI Ny, PaBHOe: 


, (2,5-1) cm?-L-10-8 cm-dr/cm3- N 1/Moub 
NmMgo = 


== 60.0-1 0-8, 
Mmgo r/MOJIb 


akuM oOpasom, Ama Mg uucsy BbIeIMBUIMXCA MOVJIEKYJI Ny,o, = 3,14-10' 


\OTBETCTBYeT Amgo = 85,3-10", umn 1H2O2 — 27,2 MgO. Ilpogenas nogo6- 
€ BLIYMCJICHHA JIA BCeX SKCIepHMeHTaJbHbIX 3HayeHHH D u L u ycpequas, 
gtyanm (5). Ecum yuectb pe3yibTaTb! padori (”), B KOTOpOH aBTOpbI NpHuLWIK 
BHIBOLY, YTO OMHOM MOJIeKyJIe OKHCJ1a COOTBeETCTBYeT OOpas0BaHHe OHO MoO- 
akyuibl H2Oe2, To u3 CooTHOMMeHHA (5) MOXAHO MpPHHTH K 3aKJIOYUeHMIO O pacmaje 
[auHTeJbHOH “YaCTH TepeKHCH BOAOposa Ha NOBEPXHOCTH MeTAMJIJIOB. 


OjeccKuH TeXHOJIOrHueCKHH MHCTHTYT Tloctynuso 
um. HW. B. Cranuna 5 IX 1960 
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XHMHYECKAS TEXHOJOFH) 
K. K. AHAPEEB u B. H. KOHAPHKOB i 


O FOPEHHH CMECEH A3HJIA CBHHITA HW KAAKNX 
HHTPOIPHPOB 


(IT pedcmasaeno axademuxom B. H. Koxdpamvesoim 31 X 1960) 


A3HJ, CBHHILa ABJIA€TCA THMMYAbIM HHHIMUPYIOULMM B3PbIBYAaTbIM BelLeCTBO 

WM BCerla JlaeT JeTOHALMIO Jake Ip Tex ycJIOBHAX (MOMKHraHve Mp BbICOKO) 
IJIOTHOCTH, B TvIyOOKOM BakyyMe, HavaIbHad cTayHA Mpollecca mp yape 
KOMpe), pH KOTOPbIX MHOPHe BelllecTBa CIC 


ei . COOHbI ropeTb. OueBHHO, YTO HeCcHOCcOOHOCT 


a3Hjla CBHHILa K POpeHHioO CBA3aHa C Kpalive 
HeyCTOM4MBOCTbIO nocvieqHero. YcTaHOByH 
XapaKTepHCTHKH TOpeHHA a3HJa, MO?KHO ObLI 
Obl BbIACHHTb Te HX OCOGeHHOCTH, KOTOP 
OO yCJIOBJIMBaoT HEYCTOHYMBOCTb ero ropeHus 

Vispectuo, 4TOecIH a3 cBHHILa (Jo 30 
40%) CMeUIHBaTb C HEKOTOPbIMH BTOPMYHbIM 
B3PbIBYATbLIMH BellleCTBaMH (2KesaTHHHpOBaH 
Hble HATPOPIMIepHH WIM HATpOKJeTuaTKa), 
TaKHe CMeCH CMOCOOHbI yCTOHYMBO ropeTb np! 
aTMocepHoM jlaBmeHun. IIpeyctaBiaso WH 
Tepec H3y4HTb MOAOOHbIe CMeCH B OTHOIIeHH] 
Puc. 1. Bananne cocrapa H JapieHHaA BJIMAHHA JaBJIGHHA Ha XapakTep H CKOPOC | 
Ha BOSMOXKHOCTh H CKOPOCTb ropeHHA YOPeHHA IPH pasJIMYHbIX COMepKaHHAX a3ufy 


cMecel a3Ha CBHHILa C 2KeJlATHHH PO- % 
BaHHbIM HHTPOrJIHKOJIeM. IIpouentHoe y BOSH OO1aCTH Ve a 


cofepxkanve PbNg Bcmecu: /—a—0, Hepexoy TOPeHHA BO B3PbIB. 
6-—~ 10; 2 —30; «8 — 50;) 4— 6h B KayecTBe BTOPHUHBIX B3PbIBUATHIX Be 
cage as ee TIpAMBIX, ete WleCTB IIPHMCHAJIHCb %KHIKHe HUTposdup 
ben baa eGuaeey, ta eked ere (HUTPOrIMKOJIb, HATPOrMepHH WH HHTpOIH 
NOWKHTAKMA NpOHCXoUT He ropenne, TvIMKOJIb) ,OObI4HO Ke/1ATHHUPOBaHHble HeOOMB 
a 3aTYXaHHe HIM B3pBIB IMM KOMYecTBOM (3%) KosIOKcHIMHAa. F 
Ka¥eCTBe BTOPOrO KOMIOHEHTA CMeCH, TOMHMI 

a3Hjla CBHHILa, YaCTHYHO H3y4aIH TaKxKe CTH 

(pHaT CBHHIa WM MMKpaT KaHa. CMecH ToTOBHIH crexyrouluM oOpa3om. HutTpe 
aHp OCTOPOXKHO CMEeIIMBaIM C TOHKOAMCMepCHbIM a3HJOM, CMeCb BBOJVJIH 
CTEKJIAHHY10 TpyOouKy MaJoro AHaMeTpa, KOTOpy10 MoMellasIH B OoMOy MOcTOAH 
HOO JlaBJICHHA C OKHAMH, HAMOJHABLTYIOCA a30TOM HM HHOrAa yrseKucmOTOM 
Tlomkuranne mpousBoAMI0cb HakasIHBaeMOll TOKOM HUXPOMOBOH MpOBOsOUKO! 


pocTb H XapakTep ropeHus *PUKCHpOBaH Mp MOMOMIM doTopeructpa, pexe 
KHHOKaMepbl. M3yyueHHblli HHTepBad aBseHun 1—70 ar. 

ONBITbI NOKa3a/IH, YTO B OOMACTH HH3KUX JaBeHHH, pH KOTOPbIX HUTPC 
rIMKOJIb TOPHT ycCTOMYHBO, CMecH, coxepxKauive a3uy (10% uM Bbue), HH I 
3aPropaloTca, WIM, 3aropeBlINcbh, ObICTpO 3aTyXalOT, WIM aot B3pbiB. Bapsil 
noJlyuaeTcsa TeM Jierue, ¥eM OouIbIe a3Hfa COJepKHTCMeCL; EFO BOSHHKHOBCHI 
oGeruaeTcA Tak%Ke NOMKUTAHHeM HeMOCPeCTBEHHO MPOBOJOYKOH, OCOGeHHC 
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ec OHA BBeeHa B BellleCTBO Ha HeKOTOpylo rayOuny*. Tlopsicus jaBaenne, 
MOKHO IIP€MOTBPaTHTb 3aTyXaHHve HAH B3PbIB H MOYYHTb ropenve cmecn**. 
Yem Oovibuie cojlepKaHve agua, TeM BbIIIe TO LaBeHHe (Pcp), HAYHHAA C KO- 
-Toporo CMeCb lIpHoOpetaer cnoco6HocTh ropetTb. 3aBHCcHMOCTh MexJLy HHMH 


BbIPpayKaeTeA COOTHOIMIeHHeM: 


Pep = 4,10 exp (1,32 m) xr /cm?, 
re m — cojlepKanve a3vfa B CMecH B r/cm?®. 
CkopocTb ropeHus cMeceii MpamMo nponopunoHatbHa aBseHMio: 
u = [aexp (bm)] p. 

| Ecam Bpipaxkatp m B r/cm®, a p B kr/cm”, To a = 0,035, 6 = 1,31. 

KputTwyeckve aBjleHusa Jia CMeceii, coxepxKalllux pasM4HbIe KOWIMYeCTBA 
43a, H 3ABMCHMOCTb CKOPOCTH TopeHHA OT LaBeHHA NOKasaHbI Ha pue. |. 
Puc. 2 HIMOCTpupyeT BAMAHHe CosepxKaHHA asuja, cmocoba NosMKHTaHHsA H LaB- 


JI@HUA Ha XapakTep mportecca. 


CxofHbIM 06pa30m BefyT ceOs cmecH a3Hfa HC ApyrumMu HUuTpospupamn. 
Tax, 50% cmecb Ha ocHoBe c1a60 *KeNaTHHUpOBaHHOrO HATPOrIMWepHHa 3aTy- 


XaeT mpu 2 aT., HO yxe, Ha- 
4HHad c 3 aT. H BBIllIe, yCTOH- 


-4YHBO TOPHT CO CKOPOCTBIW, IIpH- 


OMKEHHO JIMHEHHO pactTylleli 


Cc JlaBmenvem. Ananoru4Ho Be- 
eT ceOa HW cMeCb Cc HemKewaTH- 
HHpOBaHHbIM HUTpOrsuiepu- 
HOM: pH 3,7 aT. nogKuranne 


IipHBeIO K HEMOJIHOMY B3pbIBy, 
mpu 4,9 at. k 3aTyxaHuio, mpH 
5,4 aT. H Gomee BbICOKHX JaB- 


JIGHHAX HaGIOLaIOCb ropeHle, 


Kak lipaBusio, 6e3 mepexojla BO 
B3pbIB. 

Tlonyuaetca cBoeoOpa3sHaa 
KapTHHa. Bo-nepBbix, cMecb Ha 
OCHOBe HUTPOrsuiepHva, cno- 


‘COOHOCTb KOTOPOrO K HOpMAaJIb- 


HOMY (H€BO3MYIIleHHOMYy) rope- 


50% | ge O¢ oe 


1 
: (P5090 oNg 


Konuyecmbo onsimob 
Oo 


0 p 
om.11354 16 18 4 1 1328 1 16 33 Ke 
poe GS - 3 2 1 51 21 51 65 che 


Puc. 2. Bausaune coctaBa, JaBleHHa wu cmocoba BoCc- 

TWIaMeHeHHA Ha MoBewqeHHe cMecelH a3Ha CBHHILa C 

‘Ke ATHHHPOBAHHBIM HATPOFIAKOeM pH NOWKHTaHHH. 

a — BOCIWIaMeHeHHe HenMocpeACTBeEHHO MPpOBOJIOUKOH, 

6 — BocmaMeHeHHe yepe3 CON KeaTHHHPOBAaHHOTO 

HUTPOrIHKOJIA. a — ropeHve, 6 — 3aTyXxaHHe, 6 — 
AeCTOHAILHA 


HHIO Topa3yO MeHbIIe, YeEM HUTPOFIHKOIA, YTOpHT, HayHHaAt C MeHbUIMX 
WaBeHuH, YeM HUTPOrHKOeBaA CMecb. Bo-BTOpbIX, B OMpeeseHHOH 06- 
NacTH JaBeHHH, B KOTOPOH HHTporiMuepHH H3-3a TypOyIMsalMN PpouTa He 
TOPHT, a a3Hfl, KaK CMY CBOHCTBEHHO, JeTOHHpPyeT, CMeCb PaBHbIX KOJIMUeCTB 
HUTPOrMiepHHa HW a3Ha OKa3bIBaeTCA CMOCOOHOH K yCTOMYMBOMY TopeHHto. 
Hakonell, Mp TeX NOBDbIIIeHHbIX JaBJICHHAX, IPH KOTOPbIX HUTpOorsHlepHu 
BHOBb Ha¥HHaeT TOpeTb, HO y2Ke Ha TYPOYJICEHTHOM perxKumMe, T. e. C OObUION 
CKOpOCTbIO, WOOaBIeHve K HeMy a3Ha CBHHIa, OYeBHAHO, 3aTpyIHAA TypOy- 
JIM3allM1o, pesko (MpHMepHO BBoe) CHHKaeT JIMHEHHY!IO CKOPOCTb ropeHHaA. 
TlocmemHee HaOmogaetca HM pH TOpeHHH *KUAKOTO HUTPOTHKOA C a3HJOM 
CBHHIa pH aBeHuAx Bblute 20 at. Cmecb Ha OCHOBe 2KeAaTHHUPOCBaHHOrO 
HUTposurauKoma (50 : 50) mph yMepeHHO MOBbIIIeCHHbIX aBJIeHHAX He Topewa 
(38 u 47 ar.) unu, mporopes HemuHoro, 3aTyxana (51 arT.); mpH 53, 55 u 60 ar. 
Topesa ycToH4HBo co cKopocthio 1—1,5 cm/cex. 

Takum o6pasom, JIA cMeceii a3vla CBHHILa CO BCeMH H3y4eHHBIMH HUTPO- 
adupamMW HaOsrosaeTca cBoeoOpa3sHoe BJIMAHHe aBJIeEHHs HA BO3MO%KHOCTb 


* OTo BIMAHHe TOXKAECTBEHHO TOMY, KOTOPOe HaGOAAIOCh MPH NOWKHTAHHH HHTpOruue- 
puna (). Mckyccrsennoe yToumenne Clo HarpeBaeMOili 2KUTKOCTH MPHBOLUT K OKA bHOH BCIIBILI- 
Ke, KOTOpas, CCIM OHA JOCTATOUHO HHTeHCHBHA, a BeMeCTBO BOCIIPHHMYHBO K yapHOl BoMHE, 
BbISLIBAeT JETOHALMIO HeHarpeBaeMOH waCTH sapAqa. 

** TIpeqoTBpaTHTL 3aTyxaHve HM MOsyuHTb ropeHHe CMeCH Ip HEKOTOPEIX YCJIOBHAX MOXKHO 
TakxKe, YBeHYHB QMameTp sapsqa. MubiMu ClOBaMH, NOOaBJeHHe asia CBHHILa B STOM Clyuae 
YBeIHUHBaeT KPHTHUeCKHH WHameTp ropeHus. 
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opeHus. Saryxaiollee HIM MepeXxofAlllee BO B3PhIB MPH MasIbIX MaBeEHHAX 
TopeHve CTaHOBHTCA YCTOMUYMBbIM MIpH OOJIbIIMX AaBseHHAX. [lapaqoKcasbHocTS 
3TOrO BJIMAHHA JaBJICGHHA COCTOHT B TOM, YTO B JaHHOM CJly4ae eFO MOBBIMMeHHe 
He TOJIbKO He cmocoGcTByeT Mepexoy TOpeHHA BO B3PbIB (HJM 3aTyXaHHio), Kak 
3TO HaGsIOMayIOcb B pAe Cly4aeB, HO OKa3biBaeT OOPATHOe BJIMAHHe, NOBbILMAA 
yCTOHYHBOCTh ropeHHA. 


Puc. 3. Topenue cmece a3H4a CBHHILa C 2KeJlaTHHHPOBaHHbIM HHTPOrIHKO- 

sem (poTorpapuu, MouyyeHHble C MOMOMbIO OapaGaHHOoro coToperucrpa). 

TIpoweHTHoe Coqep Kanne a3Ha CBHHIa (a) HW QaBNeHHe B kr/cm? (6). I: 

a= 10, b = 22 (HeraTuB, BUHbI 4“eTEIPe 30HbI MIaMeHH); II: a = 50,b = 

=21 (nosuTus); III: a = 60, b=65 (ueratus); IV: a = 30, b = 25 (nera- 
THB, TOpeHHe HepaBHOMepHoe) 


ITO BJIMAHHE CCTECTBEHHO OOBACHSIETCA, OHAKO, CCJIH HCXOMUTb M3 TIpesACTaBe- 
Hu«(?) O TOM, UTO MepexOLTopeHHA B B3PbIB CBA3AH C OXBATOM XHUMH4UeECKOU peak- 
WHeH Mp WoOsMKMraHHH COA B3pbIBYAaTOFO BellleCTBa HEKOTOPOH KPHTHYeCKOH 
TOJIULHHbI. B3pbiB STOFO CJIOA, TOUHee B3BECH YAaCTHIL B3PbIBUATOPO BellecTBa, OOpa- 
30BaBUIHXCA IPH pa3sBHTHH peaKUHX B HEM, eCJIH OH MPHBOAUT K OOpas0BaHHI0 
JlocTaTouHO OoIbuIorO CKa4Ka aBJIeCHHA, BbISbIBACT B3PbIB OCTaJIbHOH 4acTH 
3apsaya. Ec cka4uoKk JaBuleHHA HeOCTaTOveH, TO OH MPHBOAUMT WH K 3aTyXa- 
HHIO BCJIeECTBHe HapylleHHA WporpeToro CJIOA, WH, MpH MaJIOH aMIIMTyLe, 
K IlyJIbcCHpyroulemy ropeHuio. Bo3HHKHOBeHHE B3PbIBa B3BECH 3aBHCHT TakxKe OT 
BPeMeHH TipeOblBaHHA a3Ha B MporpeToM cocTOAHHH. Ecwiu 3TO BpeMA MeHbILe 
nepHoja HHAYKUMH, TO a3H cropaeT mpekye, YeM ycleBaeT aTb BCMbILIKy. 

Ha To, YTO Bax%KHO He HEMOCpeACTBEHHO JaBJIeHHe, 4 HMCHHO TOJIUIMHAa pea- 
rHpyloukero COA UH JWIHTeJIbHOCTb efO CYULeCTBOBaHHA, YKa3bIBaeT 34BHCHMOCTb 
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ABJICHHA OT CKOPOCTH ropeHHA HUTposupa. Cmecn Ha OCHOBe HATPOrVIHepH- 
Ha, Topsilero ObicTpee, 4YeM HUTPOrIMKOJIb, NpHoOpetarwoT cmoco6HocTbh ropeTb 
yCTOHYHBO, HadHHaA C MeHbUIMX JaBJIeHHli; MelWIeHHee TOpsAHe HUTPOAMTH- 
KOJIeBbIe CMeCH, HaNpOTHB, MaiwoT yCTOHYHBOe TopeHHe JMIIb MPH 3HadHTebHO 
OOJIbINHX aBJICHHAX, YeEM HHTPOFIHKOVJeBbIe. 

Vintepecho mospeseHWe HUTPOAMTIHKOMeBbIX CMeCcei, COepxKaulHx BMeCTO 
a3ujla CBHHILa NMKpaT Kaa. IIpH HeOombuMx ero cofepxKaHuAx (5%) ropeHHe 
pH aTMOCcepHOM flaBsIeHHH HeT C MaJIOH CKOpoOcTbIO, 61H3KOH K CKOpOCTH 
TOpeHHA *KeNaTHHbl. YBeiMyeHHe CosepxKaHHA MHKpata Jo 7—20% mpHBO_UT 
B OO/aCTh 93aTyxaHHA; npH 24% H BbIIlIe BHOBb MMeeT MeCTO ropeHHe CO 3Ha- 
YHTeIbHO OOVIbUIeH CKOPOCTbIO, pacTyleH C YBeIHYeHHeM COJepxKaHHA THK- 
pata. Ora 3aBHCHMOCTb CxoOj{Ha C HaGOMaBUIelCA JIA aSHHbIX CMecelt C TeM 
OTJIM4HeM, 4TO yBeIHYeHHe COepKaHHA MHKpaTa MPHBOANT CMeCb BHOBb B 
OO1aCTb BO3MOX%KHOCTH TOPeHHA, Tak KaK HMKpaT B OTH4He OT agua K HeMy 
cnocoOeH. OnATb-TakH JIA OblcTpee Topsxtllero HHTPOrHKOIA OO6aCTb 3a- 
TYXaHHA HadHHaeTCA Tp OolbuieM cosepxKaHHu MHKpata. OTMeTHM TakxKe, 
4TO BHeIIHe KapTHHa TOPeHHA STHX CMeceH MOxoxKa Ha MowyyeHHy1 A. OD. Be- 
JideBbIM (*) WI cMeceH cCTHdHaTa CBHHIAa C TPHHHTPpOTPHasHAOOeH3OVIOM. 

Hecnoco6xHocts Kk ropeHHio B IpoMexKyTOUHON OGMacTH CosepxKaHHA MUKpata 
 KaJIHA, TO-BHMMOMy ,OOyc/IOBJIeHa TeM, 4TO MHKPOBCIIbINIKH 4aCTHIL MHKpata 
TlepeMeLUMBAaIOT MpOrperhlii CON HW YCHJIMBaIOT TeIJIOOTBOX, a TOpeHHIO Ha pe- 
*KUMe JIMCIeprHpOBaHHA, CBOMCTBEHHOM UHCTOMY IIHKpaTy, MelllaeT HUTpo- 
opup, B YaCTHOCTH, MOrioulad Temvio Ha CBOe HcHapeHuHe. 

@MoTOCHHMKH TOpeHHA MOKA3bIBalOT CJIOKHYIO MOMM30HANbHY!IO CTPyKTypy 
IJIaMeHH*, MpH4YeM MPOTS2KeHHOCTh OTJCIbHbIX 30H JIA Pa3JIMUHbIX CMeCelt H 
WaBJleHHu HeowuHakoBa. HaOsmosaiotca TakxKe pa3JIH4Hble THMbl HepaBHOMep- 
Horo ropeHHa. B kayecTBe mpHMepoB Ha puc. 3/ npuBeyeH CHHMOK ropeHHs 
CMeCH KeJATHHUPOBaHHO"O HUTPOFVIHKOIA C a3HomM cBuHILa (90:10) mpu 22ar., 
Ha HeraTHBe BHI 4 30HbI CBeyeHHA, Ha pHc. 3/7 noKa3aHoO ropeHHe cmMecH 
50 : 50 mpu 21 at., na puc. 3 J77 — cmecu 40 : 60 mpu 65 ar. ua puc. 3 IV — 
HepaBHOMepHoe ropeHue cmecu 70 : 30 mpH 25 ar. , 

Tlomyyenuple aHHble MO3BOJIAIOT TaK2Ke OM€HHTb CKOPOCTh TopeHHA a3Ha 
C OOJIbUIMM TIpHOMKeHHeM, UeM 9TO MOXKHO ObIO CeaTb HA OCHOBAHHH mpel- 
iecTByromjux padot. Bb. C. Crersos eute B 1952 roxy moKa3al, YTO CKOPOCTb 
TOpeHHA B MaHOMeTPHyeCKOH OoMOe IPH LOOaBJIeHHH a3Ha CBHHIWLAa K CTHHATy 
CBHHIa pe3KO MajlaeT, TOra KaK Ha CKOPOCTb ropeHuA Ppemyyelt PTYTH o6aB- 
JleHHe a3Hfla He BJIMAeT (CMECH COJlepxKaH TakxKe HeEOO/IbIUIMe KOMYeCTBA OHTY- 
Ma). TakHM o6pa30M, MO-BHAMMOMy, CKOpocTb ropeHHA a3Ha CBHHWa 3HauH- 
TeJIbHO MeHbille, 4eM CTHHaTAa**, H OIM3Ka K CKOPOCTH ropeHuA TpeMyyeH PTYTH 
(pH aTMociepHoM JaBjeHun — oKoulo 1,5 cm/ceK*). Ecum 9kcTpanouiMpoBaTb 
3a4BHCHMOCTb CKOPOCTH TOpeHHA OT COsepxKaHHA asa, NOJLYYeHHYIO JIA HH- 
TepBaJla eo BECOBLIX KOHIeHTpaui oT 0,1 40 0,6, Ha 1, To noulyyaeTcA 3HayeHHe 
CKOpOcTH ropeHHA a3Hla MpH aTMocdepHoM JaBeHHH 3,5 cmM/ceK. ITO roBOpHT 
3a TO, UTO KPaHHAA HEYCTOMYMBOCTS FOPeHHA a3H Ja CBHHILA CBA3AHA He C HCKJIIO- 
YATeNbHO OOOH CKOPOCTbIO ropeHuA, Kak 9TO HHOra MosaraioT (°), a, 10- 
BHJMMOMY, C HHTCHCHBHBIM JHCieprHpoBaHHem, MpOWCXOAAUIMM MpH ero Mos oKH- 
TaHHv, H B3PbIBOMOJOOHBIM CropaHHem oOOpa30BaBllleliCA B3BeCH. 

MockoscKHl XHMHKO-TeXHOJOrHYeCKHH HHCTHTYT Tloctrynu0 

uM. JI. HW. Meunpeseesa 21 X 1960 
IWMTHPOBAHHAH JIMTEPATYPA 

1K. K. AuzApees, B.C. Camcouos, Hayy. OKA. BBICII. DIKOJIBI, XHM. H XHM. 
‘rexuon., Ne 2, 229(1958). *# K. K. Andreev, Proc. Roy. Soc., A246, 257 (1958); 
K. K. Augapees, Usp. AH CCCP, OTH, o2Hepretuka Hu apromatTuka, Ne 4, 188 (1959). 
7A. ©. Beasaes, COopxH. @u3suka s3ppipa, Ne 1, 1950, crp. 185. 


* Kak moKa3aIH HeKOTOpble H3 MpOBeAeHHbIX HAMH OMBITOB, TWwIaMA OCOOeHHO COXKHOH 
CTpyKTypbl OOpasyeTcA MpH TropeHHH CMeCcel 2KeMaTHHHPOBAHHOFO HUTPOTIHKOA C XJIOPHOM 
cBunia (10O—30%). B Hem MOxKHO CBOGOZHO pa3JJHYHTb MAT YCTKO pasrpaHHUeHHbIX 30H CBeue- 
qua. 

** TIo maHHbim B. C. Cpernopa u A. E. Moresmb3anra CKOpocTb ropeHHA CTHHaTa CBHHMWA 
3 OONbBUIOM DHana3zsoHe aBeHHii MpHOMHKeHHO MOCTOAHHA H CocTaBAAeT 30 cmM/ceK. 
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ee ae Oe ee. et 


K TEHE3HCY KAHHO3OMCKHX MOJIACC LWEHTPAJIBHOH YACTH 
®EPFAHCKONM BITAXMHbI 
(M0 MATEPHAJIAM [JIYBOKOFO BYPEHHA) 


(ITpedcmaeneno axademuxom JI. B. Haauekunoim 17 VIII 1960) 


- KoxTHHertaibHoe mpoucxoxyeHHe KaltHO3OHCKHX Movlacc DepraHb B Ha- 
“cromnee BpeMA MpH3HaeTCA BCeMH. OyuHako JaibHehulad pacwiMppoBKa mo- 
‘HATHA «KOHTHHEHTAJIbHbIM» BbISbIBAeT CYUIeCTBeHHble pa3sHoracua. UacTb uc- 
oy eel pasBuBas mpeyctapenua JI. B. Hanusxuna u B. UM. Monona 
@ 3), OTHOCAT 9TY (popmallMi0 K_ aJIJIOBHaJIbHbIM HM IIpOJNOBHaJIbHbIM OOpa3o- 
Banuam (daunn nosqHoKuH, no JI. B. Hanuskuny), cpequ KOTOpBIX o3epHbie 
9TIIOXKECHHA 3AHHMAIOT MOMYHHeHHOe MectTo (4, °). B camo HHxKHEH, OMToleHo- 
“BO, UaCTH paspe3a MOwacc CYyLeCTBeHHYIO POJIb HIpaloT MOpcKHe chaHH (cym- 
CapcKve c0H), KOTOpble B OTJebHEIX yaacTKax lOxKHOH PepraHbi 3aMelleHbl 
Ha3eMHBIMH OCayKamu. OsepHble (alluu, BCTpeyalollveca B Oomee BbICOKHX 4a- 
TAX pa3spe3a H pa3sBUTbIe PiaBHbIM O6pa30Mm B CeBepo-SamaqHon Peprane, m0 
MHeHHI0 3THX HcCeqoBaTesieH, OOpa3s0BaJINCb B Tpeemax aVWIOBHaJIbHOH paB- 
HUHBI. 
' Jipyrue ucceqopateu npHsepKuBalOTCA MHEHHA, CormacHo KoTOpomy Pep- 
TaHcKadA BMaqHHa mocse yxofla cymMcapcKoro Mops Oba CHavala 3aHATAa pe- 
"JIMKTOBbIM, a 3€TeEM O3EPHbIM OacceHHOM, CYIeCTBOBABLUMM 3fleCb lO KOHIka HeO- 
TeHa H flake B Havane anTpororena (°, *). [pu 9TOM BbICKa3bIBaeTCA Mpesnowo- 
wKeHHe, YTO MO epHdepHu BNaHHbI OOHAKaloTcA HanOovlee rpyOple, npHOpex- 
“HbIe OCAIKH UH UTO OCAIKH CpeMMHHOM YaCTH ObIBLUerO O3epa CKPBITHI MO Gowee 
“MOJIOAbIMH O6pasoBaHHAMH (’). 
Henb3a He NpH3HaTb, UTO CCIM pa3sHOCTOPOHHHM cbakTHYecKHH MaTepHau, 
“HakONJeHHbI B pe3yJbTaTe H3yYeHHA MepHdepHyecKHX Paspe30B MOVIAaC, 
“CBHJETEILCTBYeT O HA3CMHOM IIPOHCXO*KeHHH, TO OTCYTCTBHe JaHHbIX O CTpoe- 
HMM MOJIacC B WeHTpe BMaHHbI, HECOMHeEHHO, OCTABJIAeT MeCTO H JIA PHMOTeSbI 
06 o3e€pHOM IIpoHcxXoxKJeHHH. 
C sTol TOUKM 3peHHA OoMbUIOH MHTepec MpecTaBAIOT MaTepHalIbl, Mosy- 
‘“eHHbIe 10 riy6oKoH, Tak Ha3biBaemoli LlentpambHo-DeprancKoh CKBarKHHE, 
S puBuelica DeprannedrexomOunatom B 1950—1955 rr. Cpeqenua 06 93tToii 
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KBayKHHe OnyOuIMKOBaHbI B JiByx padotax (°, °). B HacTosuleH cTaTbe MbI cTa- 
BUM CBOeH [ebIO OXapaKTepH30BaTb JIMTOOFO-alluaJIbHble OCOOeHHOCTH 
CKPBITHIX OTOKEHMH, BLIABJCHHEIE B Pe3yJIbTATe HSYYCHHA KEPHOB, H MOKAa3aTb 
S J@HCTBUTeIbHY!O MpHposy. 
f [lentpanbHo-Mepranckad CKBaxKHHA pacmo/lO%KeHa B PAaBHHMHHOM YaCTH Bra- 
‘JMHBI, Ha JeBoGepexse p. Crip-Jlappu, y ce. Typ-Tene (tounee r. Haman- 
-rana). Ilonoxenve ee He ABJIAeTCA CTPOrO WeHTPaJIbHbIM, HO B COOTBeTCTBHH 
€ UMEIOILHMHCA LaHHBIMH MO¥HO TloNaraTb, YTO OHA HAXOMMTCA B SOHC KPYMHEIX 
TpornOanuii jenpeccuu. To qanupm M. A. 3anpyycxoi u A. M. Xyrtopora (°), 
HallMMM JIOMOJHEHHAMH, pa3pe3 CKBa%KHHbI WMeeT CJleLyIOUlyio xXapakTepH- 
eTuKy. Jo rmy6uHEr 550—580 mM user MOU[Had TOMA KOHTIOMepaToB C Mpoc.loa- 
WM riwH M necuannKos (puc. 1). BemecTBeHHblii CocTaB 3THX KOHTIOMepaToB 
XOJ[eH C COBpeMeHHIM avloBHem p. Happiu, H MOSTOMY BOSpacT HX MpHHUMAaIOT 
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Kak COBpeMeHHbIt. HmxKe ux, Jo rryOunbl 1370'M, culeyloT MecuaHHKH H PIM 
¢ muiacTaMM KoHrsoMepatos. Jlanee, Jo riyOuHbt 2549m ,— yepefoBanve iu 
WH TleCuaHHKOB C peAKHMH MpOCJIOAMH MeJIKOFaJIeUHbIX KOHTIOMepaTOB H rpa 
BeJIHTOB. Ele HHKe — Oypble, TeMHO-Cepble H Cepble TIMHbI C MpOCJIOAMH Mec 
YaHHKOB, HpocviexkeHHble Jo rryOuHp! 3300 m. Tlox HuMH, B MHTepBase Bo 3463 
(3a60li CKBa2KHHbI), BCKPbITbl TCEMHO-Oypble H WOKOAaHble TIMHbI, TOHKO Tepe 
CmaMBalollveca C aJleBpOJIMTaMH HW nMeCdaHHKaMH. 

Bonpoc o cTpatTurpaduyeckoM pacuJleHeHHH BCKPBbITbIX OCAKOB MbI OCTAB 
JisemM B cTopoHe. BaxkHO JIMUIb 3AMeTHTb, YTO HE3ABHCHMO OT CXeMbI pacusleHe 
HHA, KOTOPad MoxKeT ObITb IPHMeHeHa, 
B HHTepBale |580—3463 mM cKBaxKHHOM 
BCKPbIT HEMpepbIBHbI paspes Movlacc H 
yTO, CYA MO XapakTepy ocaykoB, 3a- 
60H, BO3MOXKHO, HaXOJHTCA yxKe B Ipe- 
jlenax maccaretckoi (mo M. H. pammy 
(°) — mMaiisucatickoH) cBHTH. Bepxu 
pa3pe3a pHHaywiexKaT COxcKoH (HcnH- 
capckol) cBuTe. CieoBaTeJIbHO, B BO3- 
PaCTHOM OTHOUIeCHHH 3eCb MpHcyTcrT- 
BYIOT OTJIOX%KeCHHA paHHero aHTPOMO- 
reHa — HeoreHa H, BO3MO%KHO, OJIHTO- 
eHa. 

Ilo MHeHHI0 reosoroB-HebTAHHHKOB, 
uHTepBal 580—1370 m cuo%KeH mopo- 
JaMH HH30B aHTpororeHa. 3eCcb BCKPbI- 
Tbl IIPCHMYILECTBeEHHO Cepble MecCuaHHKH 
C TIpOCJIOAMM aJIeEBPHTOB, TVIHH HM MeJI-| 
KOraJIeYHbIX KOHTJIOMepaTOB; B COCTaBe 
nocvleqHUX OOJIOMKH KBapIHTOB, (eJib- 
3HTOB ,H H3BecTHAKOB. AJJIIOBHaJIbHbI 
reHe3Hc 9THX [OCalKOB He  BbI3bIBaeT 
COMHeHHH. 
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Puce. 1. Cxematuueckui paspe3 Llentpabuo- 
@MepraHCkol CKBa2KHHBI. @ — JIHTOJIOTHUeCKHH 
cocTaB mopoy: / — KoHriomMepaT, 2—rpaBeuHT, 
3 — mecuanHk, 4 — necuanbilt aespoutT, 5 — 
aJleBpOJIHT, 6 — aJleBpHTOBaA TWiHHa, 7 — rviH- 
Ha; 6 — OKpacka nopox: 8—KpaCHOBaTO-OxpH- 
ctaax, 9 — oxpucto-Kpacuas, 0 — 6ypoBaTo- 
KpacHas, // — KpacHoBatTo-6ypaa, /2—6ypas, 
13 — aunopax, 14 — cunepato-cepaa, 15 — 
CHHeBaTO-3eleHOBaTad, 1/6 — 3e/IeHOBaTO-2Kell- 
tas, 17 — 3eeHOBaTO-OXpHCTaA; 6—CJIOHCTOCTb 
H BkuIO“eHHA: 78 — KoCasM CJIOHCTOCTh pycso- 
Boro Tuna, /J9 —ranvHAHbIe OKaTBWUH, 20 — | 
mpomiacTKH runca, 2/ — oTfebHbIe KpHCTaJ- | 
Jbl rumca, 22 — o6yrsepoxKeHHble pacTHTeJIb- 
Hbl€ OCTaTKH; 23 — CKOMJIeHHA cuONbI, 24 — 
IHpuT; 2e— 25 — oOulaa KapOouaTHocTs nopog 


2500 


3000 


JIUTONOTHYeCKH H COCTAB MpesCTAaBJICH TOJbKO OOJIOMOUHIMH 110- 
pogamu. IIpu stom cBepxy BHH3 HaGOmOMaeTCH MOCTeMeHHOe YMeHbIeHHe Cco- 
AepxKaHHA KPYMHOOOJOMOUHBIX pa3sHOCTeH HM YyBeJIH¥YeHHe MeJIKOOOJIOMOUHEIX. 
[iMHbI BBepXy Pa3pesa TOV aseBpHTOBbIe M MecuaHUcTble, BHH3Sy Mpeobula- 
AaIOT AJIEBPHTOBbIe TIMHLI HM COOCTBEHHO FIHHbI. AJeBpOJIMTbI peKH, OTMeYeHBI 
TIMHMCTbIe WH Necuanuctole. TlecuaHukuv OObIYHO MeJIKO3eEPHUCThle (Cc MpeoOsaza- 
136 


ae nae 


HueM dpakwun 0,25—0,10 mm), aneBpHTOBO-rIMHMCTHIe; JIMUb BBepXy TOJILIH 
yCTaHOBJIeHbI CpefHe- H pasHOsepHUCThIe MecuaHHKH, C COsep»xKaHvem (bpakIlHu 
0,25—0,50 mm B KosMuecTBe Gosee 50%. Ppy6oo61omMounbili MaTepua mpucyt- 
CTByeT B BUJe MAJIOMOLLHIX JIMH3 KOHTVIOMepaTOB H rpaBeJIHTOB WJM Ke B Be 
OTJ€JIbHBIX BKJIOUCHHH MeJIKOH TaJibKH WH TpaBHA B Macce MeC4uaHbIX MOpOL. 
[y6una pacnpoctpaHenua rpaBHiHo-raeqHbIx ocayKoB 2560 M. 

Bokpacke NOpoOg nHaGsmofaetcA uactoe vepesoBanve «aspomopd- 
HbIX» (OypbIX, KpaCHOBaTO-OypbIX, GypOBaTO-KpaCHbIX, KPaCHOBaTO-OXPHCTHIX) 
M «PHpOMOp*ublx» (CHHeBaTO-CepbIX, 3eJICHOBATO-OXPHCTHIX, U3PeKa JIMJIOBbIX 
HM 3@JI@CHOBATO-%KeJITHIX) TOHOB, OTPaxKalOUlLHX 4aCTYIO CMeHY OKHCAMTeJIbHbIX 
M BOCCTAHOBHTEJIbHBIX OOCTAHOBOK cCpebl OCaKOHaKONJeHHsA. Ilopogbl, oKpa- 
IIeHHbIe B «a9POMOPHHble» TOHA, HepeAKO C 3eJIEHOBATO-XKEJITHIMH H CHHEBATO- 
CepbIMH MATHaMH 3a00/lauHBaHHA. IlecuaHuKH H aJleBpOJIMTbI OObIYHO Cepble, 
TIMHbI OoOslee MecTpble, C MpeoOMalaHveM BHH3y «rHLpOMOpHEIx», BBepxy — 
«a9POMOPHBIX» TOHOB. 

MwWnHepanabubli COCTAB MecuaHHKOB MH aeBPOJHTOB XapakTepH- 
3yeTCA B JerKOH (paki (pasmepHoctpio 0,10—0,01 mm) mnpumepHo oOfHHako- 
BbIM COJlepxKaHHeM KBapila, KaJIMeBOrO MOJeBOrO WINaTa HW 3epeH Pa3JIOMKeHHBIX 
MHHepasiosB. B TaxKeoH paki MmpeoOsaqaioT INMAOT M pyHble (remaTurT, 
3HaYHMTeJIbHO pexKe MArHeTHT), CPaBHHTebHO MaJIO 3eJIeHOH poroBOH OOMAaHKH 
M CuO, (OMOTHT, pexKe MYCKOBHT), H3 TaK Ha3bIBaeMbIX YCTOMUHBbIX — pac- 
TIpOCTpaHeHbI WHPKOH, paHaT, PYTHJI, OVCHb M4JIO TYPMaJIMHA, CTaBpOJIHTA, 
qucTeHa. 

CkonwmeHUA CAWA YcTaHOBJeHbI BO MHOFHX MeCTAaX TOJILM B BHZe 
TvieHOK (HHOra WO | MM TOJIMIHHOM) MO MOCKOCTAM HallJaCTOBaHHA WecuaHH- 
KOB H aJIeBPOJIHTOB HM B OT/@JIbHbIX KOCBIX CcepHaAx. B pacnouiomweHHu yH- 
HeHHBIX JIHMCTOUKOB CuO, 4YaCTO HaGJOMaeTCH OHOCTOPOHHAA HallpaBJieH- 
HOCTb. 

IletTporpamduueckuhh coctaB YrawabKH  KOHTOMepaTOB 
IipeycTaBleH YCTOMYHBbIMH IIpOTHB MeXaHHyecKOrO BbIBETPHBaHHA (eJIb3uTa- 
MH, OeCKBaplleBLIMH MopdupaMH TeMHO-po3OBbIMH HM pO30BO-CepbIMH, TOJY- 
OKPYIJICHHBIMH MH XOPOUIO OKPYIJIeHHbIMH, CO CrviaxKeHHOM MOBepXHocTbIO. B or- 
JM4uHe OT AHTPOMOTeHOBOH yaCTH paspe3a OCaouHO-MeTaMopduyueckHe MOpObl 
OTCYTCTBYIOT. 

BkKawueHHA OOAOMKOB FJIHHBI BCTperaloTCA MO BCeH TOWLE; 
yallle MpHYypOueHbl K CepbIM KOCOCJIONCTHIM MecyaHHKaM; HapsAy C yrlOBaTbIMH 
BCTPeyaloTCA MH XOPOIIO OKPYIvieHHble JJJIMMCOMAaJIbHbIe HW WapOBHAHbIe OKa- 
THIMIM, C MOMepeyHHKOM Jo 2—3 cM, B eHHHYHbIX Clyyadx — Jo 6 co. 

TunH caoucTocrTH. I anHb OObI4HO HeACHOCJONCTHIe, HHOTa ro- 
PH30HTaIbHOCONCTHIe. TlecuaHHkH HU aJIeBPOJIMTbI “alle HEACHOCJIOMCTHIe, HO 
HepelKH OOpasilbI KepHa, B KOTOPbIX OTMe¥aeTCA OTYCTIMBAA KOCAA CJIOMCTOCTb 
pycmoBoro Tuma. DTOT THM CJIOHCTOCTH HaGOJaeTCA B OCaKax lO TyOHHbI 
2800 mM. B oTjebHbIX OOpa3silaxX MecuaHHKOB IIPHCyTCTBYIOT rpaBHH MW MeJKaA 
raJibKa H3BepxKeHHbIX MOPO, IPHYPOUeHHbIX B BUJe WeloueK K HanOoJIee Kpym- 
HbIM KOCbIM CepHsM. 

Kap6oHaTHOCTb NOPO BbICOKaA, B PIMHAX OHA JlOCTHraeT 
15—20%, unorma 40—45% u Govuee (MepremH), B NecuaHHkax — 35—40%, 
mectamu 50—60% (recuaHucTble U3BeCTHAKM); KOJIMYeCTBO KapOOHaTOB yBeJIH- 
YHBaeTCA BBepX MO paspesy TOJIIH, C yBeJIMYeHHeM KOJIMYeCTBA C/10eB MecuaHH- 
KoB. XapakTep KPHBOli CosepxKaHHA OOULeH KapOOHATHOCTH NOpos He OTIMYaeT- 
CA OT TAKOBOL JIA paspe30B MOvIacc NIpeATOpHHIX yuacTKOB Mepraubl u Apyrux 
o6sacteH Cpequeli Asun. 

TuUNCOHOCHOCThH NOpOd ovenb cilabad, JMIb B Tpex oOpasilax 
KepHa, B3ATHIX c ryOun 1610; 1678 u 2370 M, umerotcs TOHKHe (1 — 2 mm) mpo- 
MWaCTKM BOLAHOMpospauHoOro THMCa; B HEKOTOPHIX OOpasiaxX BbIABJICHbI MeJIKMe 
KpHcTaJIbl THMca HW MpOxwKMIKH BOJIOKHMCTOM pasHOCTH ero — ceseHHTA., 

Cymbomuae KeNe3 a YCTAHOBJeHbI B BALE MOUKOBUHBIX arperaToB 
muputa. CKonseHua HX OTMe¥aIOTCA B HeCKOJIbKHX CJIOAX TOHKHX CHHeBaTO- 
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CepbIX O8e€PHO-GOJIOTHBIX TVIMH, 3aJleraloujuX CpeAM MeJIKO3ePHUCTHIX CepbIx 
KOCOCJIOMCTHIX MeCUaHHKOB B MHTepBasle ryOuH OT 2667 fo 2882 M. 

Opranuueckuwe oOcTaTKH. MayHa B OTJOKEHHAX TOMMIM He 
HaiieHa, (bilopa OOHapyxKeHa B Bue peAKUX MeJIKUX OOyrwlepoxKeHHBIX Heon- 
peeMMBIX OCTATKOB pacTeHHit. 


BuBO,b 


1. Yoxe c CaMbIX HH30B BCKPbITOH 4YaCTH pa3pe3a HEOTeHOBOM TOM B ee 
CTpOeHHH IpHHMMaIOT y4uacTHe pycJioBble HM MOUMeHHbIe OTJOwKeHHA. OTCyT- 
CTBYIOT THMMYHbIe O8epHble Pallun. 

2. BerpeuaroulvecA O3epHO-OOJIOTHbIe OTJIOXKeCHHA ABJIAIOTCA MOMUHHEH- 
HbIMH, H YeIbHbIM BeC HX BeCbMa HeBeJIHK. 

3. Kak moKa3bipaeT meTporpacdbwyecKHH COCTaB raJibKH H MHHepaJIbHbI CO- 
CTaB TeCuaHO-aJIeBPHTOBLIX MOpOA, MOJIaCCbl WeHTpaJIbHOH uacTH DeprancKon 
BIAXHHbI CJIOVKeHbI OOJIOMOUHLIM MaTepHaJIOM, BbIHeCeHHBIM Ilameo-Happinom, 
Ilaneo-Kapa-Japbeit, a TakKxKe MasleopeKaMH, CTeKaBLIHMH CO CKIOHOB UaTKaib- 
ckoro u Kypamuuckoro xpeOrTos. 

4, IlpuBeleHupit dakTHuecKHH MaTepHadl He MOMTBepxMaeT HaJIMUHA O3ep- 
Horo 6acceliHa B JaHHOH uacTH Mepranckon BiaqMHEl. HakonseHHble 3fecb 
OcayKH MOJIaCC MpeACTaBJeHbI aJWIIOBHaJIbHbIMH OOpa3s0BaHHsMu. 


Tlocryn110 
20 VII 1960 
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i Jokrnzagn Akagemun nayr CCCP 
¥ 1961. Tom 137, Ni 1 


PEOJOrHA 


r. B. JONHHA 
CNOPbI H3 ®AMEHCKHX OTJIOKEHUK YPAJIA 


(IIpedcmaeaeno axademuxom JI. B. Haauexunoim 17 VIII 1960) 


Teppurenuble oToxKeHHA (tbaMeHCKOro Bo3pacta BOCTOUHOrO CKJIOHa Ypasa 
“MpecTaBJleHbl B OCHOBHOM 3HJIaHpCKOli CBUTOM H CXOHBIMH C Heli OOpa30Ba- 
\HHAMH, @ayHHcTH4ecKH MVIOXO OXapaKTepH30BaHHbIMu. V3yyeHve MawJeoreo- 
‘fpaduyeckol oOcTaHOBKH, CYULeCTBOBaBUIeH B (paMeHCKHii BeK, TpeOOBasIO yTOU- 
‘-HeEHHA BO3pacTa CBUTbI B PAe KOHKpeTHbIX paspe3oB. B cBx3H C STHM AaBTOP 
‘MpoBe B Tevenve 1956— 1957 u 1959 rr. usyuenue cnop 43 MOpok 3uTaMpcKor 
CBUTbI M APyrx TeppHreHHbIX TOIL, OTHOCHMBIX K (PaMeHCKOMy Apycy BocTOUHOrO 
cksloHa IOxKHoro u CpefHero Ypana. Takoro poga uccleqoBaHuA MpoBoLATcA 
Ha Ypase BnepBble — CHcTeMaTH4eCKUM H3YYeHHeM CHOP H MbIJIbILbI H3 eBOH- 
CKUX MW Jpyrux Mameo30HcKHX OTJIOMKeHHM BOCTOUHOTO CKJIOHA Ypaia He 3aHH- 
MaJIHCb, 
 B wemsax cpaBHeHaA CNOpOBO-IIBIIbILeBLIX KOMIIJICKCOB aBTOPOM H3y4aJuch, 
MOMMMO TeppHreHHbIX (pallH BOcTOUHOrTO CKJIOHa Ypasla (3HlanpcKaA CBUTa 
HM [pyrve mosoOuble eli Tom cbaMeHcKoro BO3pacTa), HeKOTOpble paspe3bl 
Ha 3amaHOM CKJIOHe, MpecTaBJIeHHble TakxKe TeppHTreHHbIMM HJM KapOouarT- 
HbIMH (aulusAmu. 

Ball MpocMoTpeH MaTepHad, COOpaHHblii B CJleqyIOUMX MYHKTaX BocTOYHOrO 

ckioHa TOxHoro Ypaua: no p. Kosnauke, B oKpecTHocTax moc. KoumalxKoro; 
no p. Ypa, HuxKe ycTbax p. TaHambik; mo p. Xyoua3y; B palione r. Bepxue- 
ypaspeka; no pp. M. Ypra3pm u B. Kusu. 
_ B paioue noc. Koanauxkoro o6pa3ubl JIA clopoBoro aHaJI¥3a OTOMpaJch 
'H3 O6HaxKeHHA Mo JIeBomy Gepery p. KoumauKxu y ee ycTba. BepxHegqeBouckue 
OOpas0BaHHA MpescTaBJIeHbI 3,eCb MOJIMMHKTOBbIMH KOHTJIOMepaTaMH, rpaBeJH- 
TaMU, WecuaHuKamH M apruimutamu. Sta Toma A. A. Tlerpenxo (°) Oia oTHe- 
ceHa K dpaHckomy Apycy Ha TOM OCHOBaHHH, 4TO B JIMH3aX M3BeCTHAKA Cpe 
rpHBOK MecuaHvKOB WIM TyPoB, OOHaKaIOULUXCA BbIIe MO peke, Oblla ompese- 
JieHa (bayHa xopomelt CoxpaHHOCTH, XapakTepHad IA (ppaHCKHX OTIO*KeHHH: 
Rhynchonella cuboides Sow., Pugnax pugnax Mart., P. acuminata Mart., 
Spirifer simplex Phill., Pentamerus globus Bronn. 

Vs mecuaHuKos UM aprusJIMTOB, B3ATHIX y ycTbaA p. KoumayKu, yasl0cb BBI- 
JeUTb OTHOCHTeNbHO Oombuo0e KOJIM¥ecTBO cnop. B KommsleKce BCTpeyeHbI op- 
MBI, OrpaHW4eHHble B CBOeM pacipocTpaHeHuu (aMeHCKHM sApycoM, — Takue, 
Kak Dictyotriletes famenensis Naum., Lophozonotriletes torosus Naum. var. 
famenensis Naum., Stenozonotriletes reticulatus Naum. Mm comytctsytor 
BHJIbI, MMCIOM[He WHpoOKoe BepTHKaJbHOe paciipocTpabeHHe, BCTpeualomveca 10 
BCeMy pa3pe3y naseo3oa (Trachitriletes solidus Naum.) 4 axe oOTMeyeHHBIe 
B me3030e (Stenozonotriletes pumilis (Waltz) Naum.) M B TpeTH4HBIX OTJIOKe- 
Huax (Leiotriletes laevis Naum.). Buon cnop, XapaKTepHBbIX TOJIbKO Ja (ppau- 
CKoro spyca, B KoMMlvleKce He BcTpeyeHo. Takum oOpasom, Toma, OOHaxKaI0- 
mlascd y ycrhs p. Koumauku, umeeT He (ppancKHi, a Oovlee MOJIOJOH, PameHcKuH, 
Bospact. 

Vs apruaauros Tom mepeciauBaHuA aprHuJJIMTOB, aJIeBpOJHTOB M Tec- 
YaHUKOB, HaGOJaemoli 10 mpaBomy Gepery p. Ypaa, B5 KM HMxKe ycTba p. Ta- 
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HaJIbIK, BbIJ[eJIeHbI CLMHMYHbIe CHOPbl, BCTpeualouHecA KaK B JleBOHEe, TaK HU 
BLIMeIeKAUX OTMoKeHUAX: Leiotriletes trivialis Naum., Trachitriletes so 
lidus Naum., T. cf. inflatus Naum., Jjaxke B Me3030HCKHX H TpeTHYHEIX — Leio 
triletes laevis Naum. ToubKo ofHa tbopMa orpaHwyeHa B CBOeM paciipoctpa 
HeHHH BepXxHuM JeBoHom — Dictyotriletes famenensis Naum. 

Ilo p. Xyqona3y, B paiione Rep. KasancKon, 34aupcKasd CBMTa XapakTepH- 
3yeTCA PaSBHTHeM MeC4aHO-FJIMHUCTHIX OTJIORKeHHH C MOAYMHEHHBIMH MpocJios- 
MM TIMHHCTBIX H OOJIOMOUHEIX H3BecTHAKOB. JI. C. JIM6poBuy (*) yKa3biBaeT Ha 
HAXOJKH B OOJIOMKAX H3BeECTHAKOB (payHbl BepXOB cpeHero eBoua, (paHcKoro 
W (pamencKoro spycoB. EXMHHYHbIe CHOpbl H3 CaHIeB STON TOJIMIH OTHOCATCA 
K BHJlaM, OMHCaHHbIM He TOJIbKO B J@BOHCKHX, HO H B Oovlee MOJIONbIX OTIOHKe 
HHAX MMaJleosolicKol spp: Leiotriletes trivialis Naum., L. inermis (Waltz) 
Naum., Trachitriletes solidus Naum., Lophotriletes minor Naum. JImmp 
Bug, Dictyotriletes famenensis Naum. npvypoyeH kK ocayKamM (damMeHcKoro 
apyca. 

V3 Tou, OTHOCHMBIX K (PaMeHCKHM, Pa3BHTbIM B palione Tr. BepxHeypaib- 
CKa, KaMeHHbIii MaTepHaJ OplJI coOpaH B paone 1oxKHOrO Gepera 03. b. Byrogak 
uw 110 p. Amckoit, y copx. Bexteescxoro. Ilo 6epery o3sepa B TOVIMLe MepecsanBa- 
HHA MeJIKOSeCPHUCTHIX »MeCuaHHKOB, aprHJIJIMTOB WM JIEHTOUHO CJIOMCTEIX KpeM- 
HHCTHIX CJIaHIleB cop He yalocb OOHapyxutTb. Ilo p. Amckoh HaOsofaioTca 
BbIXOJbI [payBaKKOBbIX NeCuaHHKOB. EMHMYHbIe CHOPbI, BbIAeJIeHHbIe H3 STOH 
TOJIIH, OTHOCATCA K BHamM Lophotriletes normalis Naum. u L. rotundus 
Naum., BcTpeyarolluMcs B cpetHe- H BepXHeJeBOHCKHX OCa{Kax, a CMOpbl Bua 
Trachitriletes punctulatus Naum. xapakTepHbl H JIA KaMe€HHOYIOJIBHBIX OT- 
JIOKKeEHHH. 

B 3HuavpcKOoli CBUTe, BbIXOJbl KOTOpOH HaGOwuofaioTca mo pp. M. Yptaspimy 
u B. Kusnuay, cnopbl He Obl OOHapyKeHEI. | 

Ha BocTrouHoM cKJioHe CpeqHero Ypasia KaMeHHBI MaTepHasl Opll coOpaH 
B CJleqyIOUlMX ITYHKTaX BBIXOJOB MoOpos, WaTHpyeMbIX KaK (baMeHCKHe: Ha 
p. CocbBe, HwKe KOpfoHa CtpeeOuoro; Ha p. Kamenke, y c. Uepemxosckoro; — 
Ha p. cet, na yuacrKe of Zep. KozuuKu Jo gep. Ulep6akosxu. ) 

Ha p. CocpBe Ha arioMepaTHBIX Tydax Cc O6OMKaMH 9dpdy3HBHBIX Nopoy u 
M3BeCTHAKOB, B KOTOPbIX, MO JaHHBIM A. B. Iletse (°), Halifenbl OpaxvonosEl, 
XapaKTepHble JIA BepxHedbpaHCKUXx oTOxKeHUuH Hypothyridina cuboides Sow. 
u Pugnax acuminata Mart., 3ameraeT Toma 4acToro TlepecJlaHBaHHA TeCuaHHKOB 
W culaHties. M3 caHleB ITO TOMULM yalOcb BHIeHTb CMHHYHbIe 9K3EMIVIAPbI 
cop BHOB, BCTpeyalonluxcA B cpeqHe- H BepXHeJeBOHCKHX OTJOXKeHHAX 
(Lophotriletes exiguus Naum.) umm xe nepexoxamMx B Goslee BLICOKHe ropu- 
30HTHI Masieo30x (Leiotriletes trivialis Naum.). 

@aMeHCKHIi BO3PacT NOPOL, BbIXOALI KOTOPbIX HaOwOLaoTCA To pp. Kameuke 
u ce, Obit yeraHoBsiex eme A. I]. Kapnuucxum (*). B u3sBecTKOBbIXx Mpocioax 
TOJIMIH, CJIO¥KeCHHOH KOHTJIOMepaTaMH, MecuaHHKaMH, CJlaHiWaMH HU H3BeCTHA- 
KaMH, HM yka3bIBaeTcaA (payHa: Cardiola retrostriata Buch., Entomis serrato- 
striata Sandb., Ortoceras carinatum Monst. 

Tlosquee A. A. Ilponun (7) nogrBepyqua cbamencKuii BospacT oOpasoBaHHit, 
coOpaB 3fecb creqyroulne dopmpt: Productella murchisoniana Kon., Choneti- 
pustula calva Ven., Spirifer ex gr. verneuili Murch., S. archiaci Vern. 

M3 canes stoi Tom Kak mo Kamenke, Tak u no Vceru BbifeeHbl eqH- 
HHYHBIe CIOPHI, H3BeCTHbI€ KaK B laJleO3OHCKHX, TaK H B M€3030HCKHX OTJIO2%Ke- 
HHAX: Leiotriletes rotundus Naum., Stenozonotriletes pumilis (Waltz) Naum. 
Kpome HHX BCTpeyeHbl CNOPbI, OTMCYCHHBIe HJM TOKO B Maseo3soe (Leiotrile- 
tes microrugosus (Ibr.) Naum.), uM ToubKO B cbaMeHcKUX OTIO*KeHUAX (Dictyo- 
triletes famenensis Naum. . 

Ha sanaquom cksone Ypasa nopopel 3uaupcKOl CBUTEI OTOMpanuch Ha 
CHOPOBO-IIbWIbUeBOH aHaJIM3 B palioHe moc. 310Ka30B0 —mo p. Apuie, BOIM3H 
BiayqeHusi BHee p. Ypraubl, 4 Mo Geperam 03. HuKoJIbcKoro, B OKPeCTHOCTAX 
Toro xe Noceika. [[puHaqiexHOCTh pasBUTOM 3eCcb MecuaHO-caHWeBOH TOJMILH 
K 3HJ1laMpCKOH CBUTe Opiia ycTaHoBsiena T. A. Cmupxospim (8), EquHcTBeHHBIH 
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9K3emmutap CNOPHI, BbIAeJIeHHbIM W3 ClaHa, OKa3aJICA NpHHalexkauluM K MO]- 
rpynne Archaeozonotriletes Naum. 

_ Ms KapOonarubix paspesoB, OxXapakTepH30BaHHEIX (bayHoli, Onl u3OpanH A 
M3y4eHHA paspes cTpaToTHMa ryOaXxXHHCKOl CBHUTbI, HaXOJAUIMCA Ha JIeBOM 
Oepery p. Kocpppil, nanpotus [y6axuxcKoi sekTpoctraniun. Ty6axuucKaa 
‘CBUTa CJIO*KeHA 3feCb YACTO MepecaMBalOULMMHCA TOHKOMJIMTYaTLIMA CepbIMH HU 
TeEMHO-CepbIMH M3BeCTHAKAMH H TOHKOCJIOHCTbIMH YePHbIMH H3BeCTHAKOBO-FVIH- 
HUCTbIMH CJlaHiaMH. Ilo muTojoruyecKoMy cocTaBy Mopok HM XapakTepy Ux 
MepeclavBaHHA 9Ta TO/La OM3Ka K Jomanuky. B nu3ax TOMI, Me H3BeCcTHA- 
KM MpeoO/lagqaioT Ha CiaHwamu, no Janupm Db. B. Ippo (°), Berpesarrcs 
Cheiloceras subpartitum Monst., Ortoceras sp. J|1a Bepxueli, mpeumyulecTBeH- 
‘HO CJlaHIeBOM 4YACTH TOI ClO NpHBOAATCA culeqyoulue copMpt: Leiorhynchus 
sp., L. aff. laevis Gurich., Buchiola sp., Posidonia cf. Venusta Miinst., Bactri- 
tes sp. H OcTpakoJBHl. 

Cnopbi OblJIM BbIeIeHbI KaK H3 H3BeECTHAKOB, TaK MH M3 H3BeCTHAKOBO-TVIN- 

HUCTHIX CaHileB. CrOpOBblii KOMIIJIeKC HMeeT CJlelyioulNe XapaKTepHble yepTol. 
‘(OcHOBHY!IO Maccy Cop CcocTaB.JIAIOT MeJIKMe (pOpMbl C rlaqKou WIM WarpeHeBon 
SK3HHOH Oxo COXpaHHOCTH, BCyIeqCTBHe Yero oOMpelenweHHe Ux Jo Bua 
3aTpyAuuTebHO. [pyro ocoGeHHOcTbIO KOMIJIeKca ABJIAeTCA HaslMuHe B HEM, 
a B paye clygaeB pe3koe MpeoOslaqaHve MbIIbiWeBbIX 3epeH (?) Tama Psopho- 
sphaera Naum. u Perisaccus Naum. Hapsay c Menkwmu cnopamu H MbIbuon (?) 
Tuna Psophosphaera Naum. u Perisaccus Naum. B KommuleKce MpHHHMAawT y4a- 
CTHe CHOPbl OTHOCHTeIbHO XOpOMleH COXpaHHOCTH, OTHOCAIHecA K MOArpynmamM 
Lophozonotriletes Naum., Archaeozonotriletes Naum. 
_ Tlepspie 2Be ocoGeHHOCTH KOMIJIeKCa M03BO/ISIOT CPaBHUBaTb eo C KOMIMJIeK- 
(COM, BbIqeteHHEIM T. B. Bpiputesoi (') B H3BeCTHAKOBO-MepreJIbHOH mayKe Me- 
JleKeccKoH HM Apyrux cKkBaxuH Bowro-YpaipeKol oO. MO HaHMeHOBaHHeM 
«nepBbii Komiiekc». I]o qaHHpim T. B. BetputeBoli, 9TOT KOMIMJIeKC HOCHT (ha- 
WHabHbId XapakTep HM He MMeeT cTpaTHrpapHyeckoro 3HayeHHA. On HaOu0- 
aeTcA B JOMAHHKOBOMOOOHHIX OCaKaxX B CTpaTHrpapwyeckOM MHTepBasle OT 
dbamenckoro sApyca JO BepxoB TypHelickoro. OlHaKO KOMIIJIeKc cnop ry6axHH- 
icKOH CBUTbI OTMM4aeTCA OT «MepBOro KOMMIeKcCa», ycTaHoBJeHHoro T. B. Bpr- 
(mIeBoH, TEM, UTO B HEM 3Ha4HMTebHOe y4acTHe MpMHHMAIOT CIOpbl, cTpaTurpa- 
(bu4ueckoe pacnpoctpaHenue KoTOpHIx, m0 JaHHbIM C. H. Haymosoit (*), orpanu- 
‘™eHO BepXHMM JeBonom (Trachitriletes uniformis Naum., Lophozonotriletes 
icurvatus Naum.) uM TopKo cdbamencKum apycom (Leiotriletes pusillus Naum. 
Acanthotriletes denticulatus Naum., Lophotriletes salebrosus Naum. var. 
famenensis Naum., Archaeozonotriletes formosus Naum., A. compactus Naum. 
var. famenensis Naum., Lophozonotriletes crassus Naum., L. torosus Naum. 
var. famenensis Naum.). 

Hasuuve 9THX CHOP B CMOPOBO-IbIIbIeBOM CMeKTpe, BbIMe/IeHHOM H3 cTpa- 
TOTHMa ryOaXHHCKOli CBUTbI, MOATBepxKaeT ee (paMeHCKHH BO3pacr. 

TIpopeyenuble uccieqoBaHua cmop H3 TeppHreHHbIX TOJIUL BepXHeeBOH- 
cKOFO, B OCHOBHOM (paMeHCKOro BO3pacTa Ha BOCTOYHOM CKOHe [OxKHoro Hu Cpex- 
Hero Ypasla, NoKa3bIBaloT, UTO OHM MepCneKTHBHbI AIA Weel CMOpOBO-IbLIbie- 
BOrO aHaJi43a, TaK KaK MOUTH BO BCeX MYHKTAaX COopa OpliM OOHAPyKeHbI CHOPbI 
(xoTa HW B HeOOJIbUIMX, KoMUeCTBAX). 

BoubuiwHcTBO Cop XapaKTepHO AA WeBOHA H, TAKHM OOpasoM, He MpOTHBO- 
peyHT ycTaHOBUBUIeMyca MHeHHIO O (paMeHCKOM BoO3spacTe 3H/aMpckol 
CBUTHI Ha UcceqoBaHHoi TeppuTopuH. Ho nomyyenuble aHHble MOKa HesO- 
CTaTOUHb JIA Toro, 4TOOL! MpoOBecTH eTabHOe paculeHeHHe 3H aMpcKoli 
CBHTBI. 

Heo6xoqumocth MmposounKaTb padoTbl MO H3Y4eHHIO CHOPOBLIX KOMIJI€KCOB 
M3 3M1aHpcKOl CBUTHI AMKTyeTCA Tak%Ke BXOKAeHHEM ee B COCTAB TaK HasbIBae- 
‘MOM 3@I@HOKAMeHHO! MOJIOCLI, C KOTOPOH CBA3aHbI BCe MeCTOPOAKMCHHA MeM Ha 

pane. Yrounenve Bospacta CBUTHI B KOHKPeTHBIX pa3spe3ax WMeeT Oosb0e 
3HaueHHe A peuleHuA cTpaTurpapun u yCIOBHH (POpMUpOBaHHA STO CIORKHOM 
‘CTPYKTYPHOH eMHHIIEI. 
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B cBa3H Cc 3THM lmpelcTaBuiAeTcA MHTepeCHbIM BbIJeJIUTb CHOPOBbIe KOM- 
MJIeKCbl H3 CTpaTOTHNa CBHTbI B paspe3ax no pp, b. u M. Uky, me Bospact ee, 
Ha OCHOBaHHH HaXxOJlOK PaCTHTeJIbHbIX OCTaTKOB H MHKpoO@ayHbl, HE BbI3bIBaeT 
COMHeHHH. 

HaxomeHne cnop B noposax ryOaxHHCKOH CBUTbI MOATBepxKaeT TO O6- 
CTOATEJIbCTBO, UTO JIA ONpelesIeHHA BO3pacTa KapOOHATHbIX TOPO MOxKHO 
IIPHMeHATb MeTOJ CNOPOBO-NbIIbWeBOrO aHalu3a. ABTOPy MpescTaBsAeTCcA HH- 
TepeCHbIM MpOCJIeqHTb KOMIMVJIeKC, MOAOOHbIM ryOaxXHHCKOMY, B Apyrux pahounax 
PasBUTHA aHaJIOTHYHbIX OTJOMKeHHH Ha CpeqHem u TOxHOM Ypazte. 


TopHo-reolorHyecKHi WHCTHTYT Tloctynuwio 
YpaubpeKoro dusHatla AkayemaH Hayk CCCP 5 VII1 1960 
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Joxrsaynn Akayemun nayr CCCP 
1961. Tom 137, Ni 4 


PFEOJOPHA 


MH. tO. JIATIKHH 


K CTPATHFPA®HH HYDKHEM MNEPMMH FOrA PYCCKOHM 
I JIAT®OPMbI 


(IIpedcmaeaeno axademuxom H.C. Ilamcxum 2 VI 1960) 


JJo 1950 r. oTsioxwKeHuA MepMu ApeBHee KyHTypa Ha wre Pycckoii muatdopME! 
_ OblIM H3BeCTHHI JIM Ha CeBepo-3alaqHbIx OKpauHax J[oHOacca, re OHM Obi 
ycTaHOBJIeHbI ellie B HayaJle Mpowlioro cToJleTHA. HezaBHo OHM BCKPbITbI 3HayH- 
TeJIbHO 3anafuee, Ha [leOenMHCKOM H ConpeseJIbHbIX NOMHATHAX, a TAKKE B pse 
NyHKToB J[Henposcko-Jlonelkol BuayHHbI WIN, TOUHee, IIpHqHempoBcKOroO rpa- 
Gena (17), CespepHee Jlonenko-IIpeakaBKasckolt cKaquaToi o6sacTH OT0xKe- 
HHA HWKHEM MepMH B HaCcTOAMee BpeMA MpocuexeHbI B ITpeqoHelKoM Kpae- 
BOM l1poru6e BIJIOTb Zo AcTpaxaHu. K 9THM OTIOXKeHUAM B HA3BaHHbIX PerHOHaX 
IIPHypO4eHbI rasoBble 3a/lexKH H MeECTOPOXKeHHA, B TOM YHCJIe OHO H3 KpynHeli- 
mux B CCCP — IWeG6ennucxoe. Crpatudukalua HWKHel NepMH ycJlOwKHAeTCH 
TeM OOCTOATEJIbCTBOM, 4YTO OHA TpefCTaBseHa MOBTOPAIONIMMHCA BO BpeMeHH 
OJIM3KUMH (allWaJIbHbIMM KOMIWIeKCaMH, ITO NOCcMYyKUJIO B H3BeCTHOH Mepe 
TIPHYMHOH BOSHHKHOBCHHA pa3JIMUHbIX MeCTHBIX CTpaTHrpadwyecKHX CxXeM. 
Ojuako wMelomlvech MaTepHaupt (1~*, ®-11, 18-1°, 18) nogBoMIOT IpeyCTaBHTb 
eqMHylO CTpaTurpaduyeckyio CX€MYy HWXKHEMePpMCKHX, B OCHOBHOM, CaKMapCKHX 
OTJO*KeHHH 1ora Pycckoh nuatdopmbl (Tabu. 1). 

B IIpeqmonenkom mporu6e (BesoKaiuTBeHcKHi Mu KoTebHMKOBCKHH paiio- 
Hbl) pa3BUTbI OTJO*KeHHA CaKMapckoro sApyca IIpuypaJbsA B ero NOJIHOM OObeMe. 
_B uwxkHeH uwacTH saApyca (lIBarepHHOBbIH HW HH3bl TacTyOckOrO TOPH3OHTOB) 
' HpeoOjazaroT OTKpbITOMOpckKuHe (pallu, a B BepXHel ero “acTH (BepxM TacTy6- 
_ cCKOrO M CTepsMTaMakCKH TOpH3OHTH!) — JlaryHHble cdaltuu. Ha Boctoke IIpez- 

WOHEWKOTO MporhOa HWKHEMepMCKHe OTJIOXRKeCHHA XapakTePH3yIOTCA paspe3soM 
ActpaxaHCKoH OMOpHoii CKBaxKHHbI; HHKHAA YaCTb ero MpesCcTaBJIeHa MOPCKHMH 
- ocayiKaMM BepxXOB CaKMapCKOrO HM HH30B apTHHCKOrO ApycoB; BepXHAA, Oovlee 
3HayHTebHad — JlaryHHbIMM ocasKaMH Toro »%e apTHHcKoro sipyca. Muenve 
O pasBUTHH 3fecb KYHrypcKHx oTsowKeHHi ('", ") He NOLTBepxaeTcA baKkTH- 
yeCKMMM JaHHbIMu. B 3anagHol uacTtu IIpeqgonelukoro mporn6a, B 30He More- 
peyHBIX MOAHATHH (Mexay Musaieposo u JIucHyaHCKOM) HWKHAA MepMb MOYTH 
_ Hallesio pa3MbiTa, 
B o6nacru cepepo-3anaqHoro norpyxkenus Jton6acca (Baxmytckaaz u Kaup- 
' muyc-Topemkan xKoTuoBpuHbt, Wle6enuHckoe  conpesetbHble NMOLHATHS) 
 OTJIOXKEHUA MepMU PasBUTH! B CYIeCTBeEHHO HHBIX (palluAx, ¥em B I IpeqqonelKkom 
mporu6e. 3yecb OH MpelcTaBJIeHbI TPeMA CBHTAMH: MeJIMCTHIX NeCuaHHKOB (Kap- 
TamMblucKoH —no M. JI. 3amecckomy), H3BeCTHAKOBO-OJIOMHTOBOH WH CcOJIeHOc- 
HOH (moKpoBcKol u Opanuesckoli — no A. A. ManasKxuny). Ilaneontosoruue- 
CKHe JaHHble MO3BOJIAIOT COMOCTABUTb ITH CBUTbI C OTKPHITOMOPCKHMH OTJIOXKe- 
Huamu [Ipenqonelkoro mporu6a u, tem cambiM, IIpvypaiba. KaprampnucKkaa 
CBUTa COOTBETCTByeT HWKHeH 30HE WIBArepHHOBOFO TOPH30HTAa; NOKPOBCKaA — 
/cpejtHeii M uacTH BepXHeli 30H Toro 2Ke FOPpH3OHTA; OPAHWeBCKAA — BepXHeli 30He 
| WIBarepHHOBOrO M HH3aM TacTyOcKoro ropv3oHTAa. 
| Ilpupeqenuad cxemMa cTpaTHpuKallud TepMCKUX OTJO%KeHHH Baxmytckolt 
_ KOTJIOBHHBI, B OCHOBY KOTOpOH MosoxwKeHa ooOulempHusatad cxema H. H. AKos- 
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JleBa, MpUHILMNMaIbHO OTMMYaeTCA OT cxembI JI. IT: Hecrepeuko (’”). Tloneppie 
HaOJIOMeHHA HM WaHHble OypeHHA MOKasbIBAaIOT, 4TO BbIemAemble JI. I]. Hecte- 
PpeHKO MapKMpylollHe TOPH3OHTbI PerMOHabHOrO cTpaTurpatuyeckoro 3Ha- 
yeHHA He HMeloT. Ourd60uHO UH YTBepxKeHHe Ha3BaHHOTO aBTOpa, YTO MecuaHo- 
KOHTVIOMepaTOBble MOPpOAbl APOHOBCKOH CBUTbI ABJIAIOTCA BHYTPHPOpMallHoH- 
HbIM OOpa30BaHHeM COJIeHOCHOH HM OTHOCATCA BMecTe c MocweqHeH K UWIBarepH- 
HOBOMY TOPH30HTy cakMapcKoro sipyca. Kak M3BecTHO, JPOHOBCKaA CBUTa 
OTIeeHa OT COJICHOCHOH TMepepbIBOM H YIJIOBbIM HecoracHeM HM ee BO3pacT He 
MOXKeT ObITb YCTAHOBJIEH TO TepeOTJIOXKeHHBIM OpPraHHyeCKHM OCTaTKaM, Ha 
KoTopble ccbiiaetea JI. Il. Hecrepexko. 

B IIpuquenposekom rpaOeHe HHKHeMePpMCKHe OTJIOXKeHHA BCKPBITbI Try6o- 
KHM OypeHHeM Ha BCeM eFO IIpOTAKeHHM, BUMOTb Jo JI~Oeya (UepHuroBcKkui 
BLICTYM KpHcTamMueckoro cbyHaMeHTa). B toro-BocTouHo uacTu rpaOeHa B 
palione Kpacnorpayla (OkTAOpbcKas MIOWayb) B paspese HHKHeEH NepMH, Tak 
*Ke Kak B [[le6enHHKe — AsleKceeBKe, HMCIOTCA MJIaCTbl KAMCHHOH COJIH, rulca 
uw anrugputa. Hannune 3THX OTOHKEHHH NOATBepwRaeT CeaHHOe paHee Mpel- 
momowenne (!), uTO 3leCb IpHCyTCTBYIOT raJOreHHble OOpa30BaHHA HE TOJIbKO 
jeBoHa, HO M nepmu. Caenyer yKa3atb, uTo JI. B. Hanusxun (**) ormeyaer pa3- 
BUTHe COJIGEHOCHBIX TOJIUL MepMH H JeBOHa KpOMe paCCMaTPHBaeMOl .TeppHTO- 
pHH MW B Apyrux perHoHax PycckoH maTdopMbl. 

Sanazuee Kpacnorpaga — paiiona I[louTaBbl, HMKHeMepMCKy1O  TOJIMLY 
MOXKHO paC4WJIe€HHTb Ha J[Be YaCTH: BepXHIOIO — KapOOHaTHO-aHrMApHTOBy1O C 
mpeoO1alaHHeM H3BeCTHAKOB, JOJIOMHTOB MH aHrHPHTOB, a HH KHIOIO — Iipe- 
HMYULeECTBeHHO TeppHreHHyio. Bepxusaa, cormacHo ®. E. Jlamuux (**), uMe- 
HyeTCA YepHHFOBCKOH CBHTOH m0 paspesy UepHuroBckoli ONOPHOM CKBayKHHEI. 
HipxH1010, TeppHreHHYI0 YaCTb TOJILH, XOPOWO NpOCexKUBAaIOMYyIOCA BO MHOFHX 
lyHKtTax IIpuqHenpoBckoro rpa6ena, culelyeT Ha3bIBaTb TaJlaJlaeBCKOH MO MecTy 
BCKPbITHA MAKCHMaJIbHOH ee MoulHOcTH. UepHuroBcKaA CBHTa B MOJIHOM pa3- 
BUTHH (KayaHOBKa) COMOCTaBJIAeTCA, B H3BECTHOH Mepe YCJIOBHO, C MOKPOBCKOH 
H OpAHWeBCKOM CBHTaMH JOHeELLKOM MepMH; TaJlasiaeBCKaA CBUTA, B TaKOM CJIy- 
yae, MOMKeT COOTBeTCTBOBaTb KapTaMbllckoH. B WeHTpadIbHbIxX uacTAx IIpu- 
JHENPOBCKOrO rpabeHa TaJlaJlaeBCKas CBHTA, 10-BHHMOMy, 6e3 BCAKHX CJIeqOB 
lepepbiBa 3aJleraeT Ha OTJIOMKeHHAX BepXHero KapOouna. 

®. E. Jlamuuk ('°) ycTaHaBuBaeT B J[HempoBcko-JloHellkoH BnayHHe He 
TOJIbKO CaKMapCcKHH, HO, 6e3 BCAKOFO MaJleOHTOJOrHYecKOrO OOOCHOBaHHA, a 
JIMIUb 110 MHHepaJiOro-JIMTOJIOTHYeCKHM KOMIWI€KCaM, APTHHCKHH HM Ka3aHCKH 
apycbl. Takoe BbleeHHe apTHHCKOrO H Ka3aHCKOrO APYyCOB, MOJIHOCTbIO OT- 
CYTCTBYIOUMX JlaxKe B OOaCTH ceBepo-3anaqHoro morpyxeHHA JLouOacca, 
HempHemiemo. Heb3a Take COriaCHTbcA C aBTOPOM B TOM, 4TO TleCuaHO- 
KOHIJIOMepaTOBaA (J,pOHOBCKaA) CBHTa OTHOCHTCA K TaTapcKOMy spycy, 0 
aHaJlOrHH c pa3spe3om Kopenosckoli cBuTH Tlomecba (7°). HegaByo 3yecb B 
ston cpuTe E. M. Jlorkesuyem onpemevieHbl HWKHETPHAcOBble (PHJJIONOAH, a 
TaK2Ke OTMCYCHE! THIMYHBIE JI BETYKCKOH CepHH HwxKHEero TpHaca [lobeKo- 
JIMTOBCKOH CHHeKJIM3bI OOJHTOBbIe TIMHHCTHIe H3BeCTHAKH. 

ConoctaBsleHHe pa3pe30B HMKHeil Mepmu tora PyccKkol nuatTdpopmpl (Tabu. 1) 
MOKa3bIBaeT, YTO B PaHHelIBarepHHOBOe BpemMa B IIpuqHempoBckom rpabene 
H B OOwacTH CeBepo-3anaqHOro NorpyxeHHA JlonGacca mpovcxosHI0 HaKoriVe- 
HHe TeppHPeHHbIX OCaJ,KOB, CMCHHBINHXCA BMOCJe{CTBHH KapOoHaTHO-cybar- 
HbIMH HW Janke rasloreHHbiMH. B IIpeaqqonellKom mporu6e B STO 2Ke BPeMA OTJara- 
JIMCb KapOoHaTHble OcaqkKH OTKpHIToro Mops. M301auuA 3fecb HacTyNaeT m03]- 
Hee: CHayalla Ha 3anaye (paiion cTanuubt Benoit Kanutspt — KotTebHuKOBO) 
B TacTyOcKoe M CTepJIHTaMaKCKOe BpeMsA, a 3aTeM Ha BocToKe (paiion Actpaxa- 
HH) — yxxe B KOHUe apTHHCKorO Beka. 

Takum o6pa3om, perpeccua paccMaTpMBaemoro paHHenepmckoro Oacceiina 
MpoucxoyHa C 3amaya Ha BOCTOK, uepes IIpeqyonewKHH mporu6, Ko1Oopblii 
Coes TepMckve Oaccelutt Boctouno YxKpannpt WH I]puypamba. TombKo 
HelaBHO B 3amaqHOoH uacTH KoKMeKTHHCKOH AaHTHKJIHHaIM (3amaqHee Myroz- 
Kap) MOA 1OPCKUMM OTOXKCHHAMH BCKPbITAa HWKHEMePMCKaA TOVIULA MOMLHOCTEIO 
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cspine 1000 m B dallunx mepexoBoro mporn6a, KOTOpan MepBoHayadbHO Obluia 
OTHeCeHa K KapOouHy MulaTdopMenHoro Tura (*). B HacTosujee BpeMA eTasbHbIe 
‘AcceqoBaHHA rnosBomMM P. IT. PapeiKomy BbIeuTb 3ecb UIBarepHHOBBIli 
(Bce Tp 3OHBI) H TacTyOcKHii TOpH30HTHI CaKMapcKoro Apyca (Ta6. 1). Btu oT- 
eorenns IpHHaieKat, MO-BUAMMOMYy, KpaeBomy nmporu6y — IIpeqmyromxap- 
“ckoMy. TeM caMbIM OOHapyxKeHO TO 3BeHO, KOTOPoe cBx3bIBaI0 I Ipeqqouelkuli 
4 IIpeqypanpckuii npornOnl B eHHYIO Wellb KpaeBbIX poOrvOoB, OTAeAABIINX B 
| paHHenepMcKoe BpeMsA Cc tora HM BocToKa Pyccky1o muaTPpopMy oT O6acTM pas- 
BHTHA TepllHHcKoH CKJaquaTocTH. DopMupoBaHHeM 3TOH CKMaquaTOH OOmacTH 
“M MOX%KHO OObACHMTb Pa3JIMYNbIli XapakTep CeBePHbIX HM 1Ox%KHbIX (Kpbim, Ce- 
_BepHbid KapKa3) OacceliHoB B paHHenepMcKoe Bpema. 

Ha Bo3MOxKHY!1O CBA3b, CYULECTBOBABIIIYIO B 3TO Ke BPeMA, MOPCKHX Gacceil- 
HoB IIpeqyonetkoro mporu6a u Cpegzneit Asnu, m0-BHqMMomy, Yepes O6acTb 
_coBpemenuoro Kacnust, yKa3biBaloT HeKoTOpbie OOuMe (popMbI, Hanpumep Pseu- 
_dofusulina chihsiaensis Lee, HaiiqenHas B paiione Beno Kanutsnt (1°), 

*  Tlepeq nayasiom Kynrypa Becb tor Pycckol maatTdopMbl, 3a HCKsIO“eHHeM 
‘TpuxacrnticKoii BNaMHbI, Obl yxKe MPHNOLHAT Hal ypoBHem mops. Bowee 
Ane oOpasonanus 3aJleraloT C Pe3KHM IlepepHIBOM H YIVIOBLIM Hecorvia- 
CHEM Ha pa3MbITOH MOBepXHOCTH JOKYHTYPCKUX MopoL. 


; YkpawHCKHH (puna TlocrynHwio 
: Beecorw3Horo Hay4HO-HCCeqOBaTeJIbCKOrO {31 V 1960 
i HHCTHTyTa MpHposnoro rasa 
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Jlokaaypr Akagemun wraykK CCCP 
1961. Tom 137, Ne 1 


PEOJIOPH A 


Pol. MAEB 


© MPOABJIEHHM KOHCEAMMEHTALMOHHOM CKJIAQYATOCTH 
HA JIHE ¥OKHOrO KACHIMS 


(IT pedcmaeaeno axademuxom JI. H. Wlepoakoesim 21 VII 1960) 


YcrTaHOBJIeHO, YTO eCJIH OCaKOHAKOMJIeHHe NpoTeKkaeT Ha (oHe Pa3BHBalo- 
WIHXCA TeKTOHHYeCKIX JBHXKeHHH, OXHOBpeMeHHO C HHMH, TO (allMaJIbHbili 
O6MK MW MOMLHOCTH OCaKOB HeH36exKHO OOHAPYKHBAIOT OMpesevleHHy!0 3aBHCH- 
MOCTb OT XapaKTepa, HallpaBJIeHHOCTH M CKOPOCTH 9THX ABHKeHHH. Takas 
3ABMCHMOCTb HaGwlOfaeTcA Kak j\WIA KPYMHbIX TeEOTEKTOHHYECKHX 3JIEMEHTOB 
3eMHOM KOpb! (MaT:OpMbI HW reOCHHKJIHHAaJIbHbIe OOACTH, AHTHKJIMHOPHH H CHH- 
KJIMHOpHH), TaK H JWIA OTCJIbHbIX JIOKAJIbHbIX CKJIaqoK. I]polecc cdopmupo- 
BaHHA TMOCJIeEMHHX, MPOHCXOAAULHH OMHOBpeMeHHO C OCaKOHaKONJIeHHeM H 
OKa3bIBalOllHWii Ha Hero ONpesesleHHOe BJIHAHHEe, MPHHATO Ha3bIBaTb «KOHCe/H- 
M@HTAallHOHHOH CKJIayuaTocTbio» (°). 

BuusHve TeKTOHHYeCKHX JBHKeHHH Ha OCaKoOOpas0BaHHe OOYCJIOBJIeEHO 
TeM, ITO 3TH JBHXKEHHA CO3LaloT Ha He OacceliHa ONpeeJeHHble POpMbI pevibe- 
cba, KOTOpble H BO3eHCTBYIOT Ha PaclipeyeseHHe OCaqKOB MO CocTaBy H MOLL- 
HOCTAM. CTeleHb BJIMAHHA TEKTOHHKH Ha XapakTep OTWaraloulHxXcA B JaHHOM 
MecTe OCaKOB OMIpeeAeTCA BbIPaKCHHOCTbIO TeKTOHH4YeCKHX CTPYyKTyp B 
pebede Ha MOP, KOTOPy!0 MOXKHO OXapaKTePH30BaTb OTHOLICHHEM BBICOTHI 
NOABOLHOFO NOAHATHA K WIMpHHe ero ocHOBaHHA (A : /). UmMeer 3HaveHHe TakxKe 
HHTeHCHBHOCTb OCA KOHaKOMJI€HHA, KOTOPOe IPH 3HAYHTEJIBHBIX TeMIax CMOCO6- 
HO CHWKaTb BJIMAHHe HEPOBHOCTeH peJIbedba, CO3aHHbIX TeKTOHHYeECKHMH JLBH- 
*KeHHAMH. CyHTb 06 OTHOCHTeJbHOH HHTCHCHBHOCTH HAaKOMJICHHA OCaKOB MOXK- 
HO, CPaBHHBasw CpeHHe JIA pacCMaTPHBaeMbIX Y4YaCTKOB Ha MOUWLHOCTH (fp) | 
ONpeleIeHHOrO TOPH30HTAa OTOMKeHHH. CKa3blBaeTcA WH aOcouIOTHaA rviyOnHa 
OacceliHa, MOCKOJIbKY B OoJlee M@JIKOBOJHBIX yuacTKax HaOsOLaeTcA OosbuiasA 
NOBUXKHOCTb BO], 10 CpaBHeHHIO C YJIyOOKHMH ¥YaCTAMH, KOTOPaA BbI3bIBaeT 
OOJIbLIYIO H3M€HYHBOCTh OCAAKOB B 3aBHCHMOCTH OT peJibetpa JHa Ha MeJIKOBO,be. 

B moceqHHe roubl padotamu Mucrutyta reomorHu Wu pa3paO6oTKH ropiounx 
uckoraembix AH CCCP (rpynnp B. ®. ComoBbeBa) o6HapyxeHa Ha He IOx- 
Horo Kacnvst cep aHTHKJIMHaJIbHbIX MOLHATHU, MPOTATMBAIOMLAXCA H3 palio- 
HOB IIpHJleraioleH CY B Npeseybl MOPA. OTH CKJIa_KH, MOUTH CHHBeJHpo- 
BaHHble B OOAaCTH WeIbca MpOleccaMH 9PO3HH, adpa3HH MW AaKKYMYJIAWHH, OKa- 
3bIBaIOTCA MIpeKpaCHO BbIpayKeHHbIMH B peJibede Ha Ha CKJIOHE HM B Mpeselax 
1O%KAa MOPA, OOpasyA KPyNHble NOLBoAHbIe xpeOtpl (*). PesKaA BbIPaxKeHHOCTE 
9THX CTPYKTYp B COBpeMeHHOM pevibece Ha BMeCTe C HEKOTOPBIMH APYrHMH JaH- 
HbIMH 3aCTaBJIAeT CUHTATb, YTO POCT CKJIaOK MpoOMOJpKaeTCA 3]\eCb M B HaCcTOs- 
ulee Bpem#. B yacTHocTH, 06 3TOM TOBOPHT TOT qaKT, 4TO OpoBKa wesbha, 
ccbopMupoBanHoro B Kacnun yxKe B YeTBEPTHUHOe BpeMA, 3aMeTHO JecopMupo- 
BaHa TaM, Tle ee NepeceKaloT 3TH TeKTOHHYecKHe JIHHHH (*). Takum o6pa3om, 
ocaqKooOpasoBaHve B IOxKHOM Kaci mpovcXxo_uT Ha (one pacTyMMx HbIHeE 
CTPyKTyp. 

UtoObl ycraHOBUTb, OTpaxKaloTCA JIM STH Mpolleccbl Ha XapakTepe oTvIarato- 
ULMXCA OCALKOB, B pale MecT IOxHoro Kacnua Obi MpOn3BeeHbl COOPbI KOvIO- 
HOK TpyHTa Ha BCeX 9JIeMeHTAX TIOBOXHBIX CTPYKTYP — B CHHKJIHHAJIbHBIX M0- 
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HHKEHHAX, Ha KPbIJIbAX H Ha CBOMax NOAHATHH. Bce KOJIOHKH BCKDPbIWIH He- 
CKOJIbKO CJIOe€B OCaKOB pa3/IM4uHOrO cocTaBa (*). Tloce Toro Kak yyaslOcb 
COMOCTaBHTb Mexky coOol pa3spe3sbl, BCKPbITble 3THMH KOJIOHKaMH, BbIACHH- 
JOCb, YTO XapakTep OTJIOXHKeHHH UCMbITHIBAeT 3AKOHOMePHble H3MeHeEHUA OT 
MNOXHOKMM K CBOMaM NOAHATHU. Hwxe OyzeT HATH peub OO U3MeCHYHBOCTH OCal- 
KOB HOBOKacinHHCKoro BpeMeHH. 

HawOoslee peskve H3MeHeHHA ObIIM OOHApyxXeHbI B Mpesesax OMHOFO U3 
CaMbIX KPyMHbIX xpeOTOB, pacnoo*KeHHOrO B 3anafqHol uactu FOxunoro Kac- 
MHA, C BePINHHOH, BOSBbINAlOllelica Goulee em Ha 500 M Hal OKpy2KalonuMH 
Bnaqunamu (fh :/ coctapaset 0,030). Yrubt HakJioHa OopToB 3sToro xpe6ra co- 
cTaBssioT 3—8° u Oovlee, MecTaMu (3aNaHblit CKJIOH) OTMeYeHI yrvibt BO 16°. 
Sylecb OblviO OOHAPyKeHO MpakTHYeCKH MOJHOe BHIKJMHHBaHHe HOBOKACIIMIt- 
CKHX, OCaKOB OT MOHOKHA K BeplinHe, Me MOM HeEGOJIbINHM CJIO€EM MeCKOB H 
CHJIbHO YIIJIOTHCHHBIX HJIMCTbIX Me€CKOB 3aJleralOT TIMHUCTbIe MOPOAbl, OO OTHO- 
CHTeJIBHOH JPeBHOCTH KOTOPbIX CBHeETeIbCTBYIOT HMelONLHeCA B HAX Mpocsiou 
ByIKaHWyeckoro Mela (B mpHseraioulux K Kacnuio palionax ByJKaHwuecKHe 
MenJIbl BCTpeyaroTcsA B OTJOXHKeHHAX He MOJIOwKe OakHHCKOorO Bospacta). B zApy- 
PMX MeCTaxX Ha BepliwHe 9TOTO xpeOTa Je@ExKUT MvacT rpASeBysIKaHHYeCcKOH 
O6pekuHH. 

Muna KapTiua oOnapyxena Ha JBYX APyrHX MOAHATHAX, re Obl MpousBe- 
feH Oowlee WeTabHEI OTOOp KoOHOK. TlepBoe u3 Hux (cM. pHc. 1), pacnouo- 
*%KeCHHOe B 1OFO-3allaqHOH YaCTH MOPS, BO3BbiaeTCA Oosee 4em Ha 400 M Hag 
BiaqWHaMH Cc riyOuHamu cBbe 850 M. OtTHomenHe 4: / coctaBanet 0,023; 
CpeHAA MOWHOCTb HOBOKACNHHCKHX OTVIOKeHHH (Hop) 2,3 M. Yrusbl HaksOHA 
CKJIOHOB KOsIeOMOTCA B Tpesetax 3—7°, ocTurad Ha HeOOJIbIIHX yuacTKax 


~11—12°. Bropoe noguatue, sexallee B WeHTpaibHon uacru }Oxunoro Kacnua, 


—_~-s 


HeECKOJIbKO CJiaOee BbIPaxKeHO B peJibede WHa (A : / coctaBssaeT 0,016) u B TO xe 
BpeMA XapakTepu3yeTcA Oovlee HH3KHMH TeMIaMH OCayKOHaKONJeHHA (Hep = 
= 1,3 m). Yrabt Ha cksoHax JocTurarioT 4—5°. 

Ha o60ux MosHATHAX OOpallaeT Ha CeOA BHHMAHHe 3aMeTHOe COKpallleHHe 
MOULHOCTeH HOBOKAaCIHHCKHX OTJIOMKeHHH OT MOAHOKbA K BepulHHaM. Oruoie- 
HHe MOULHOCTH Ha CBOJe K MOIIHOCTH BO BiaHHe WIA WepBoro NOMHATHA 
cocTaBisneT 0,52 (u3MeHeHHe oT 3,30 Jo 1,72 M), Qua Broporo 0,56 (or 1,53 yo 
0,85 m), T. e. HaOOJaeTcA COKpallleHHe ee MOUTH BABoe. Pe3Kol CMeHbI calln- 
aJIbHOTO OOHKa OCa{Ka 3/ecb HET, HO HEKOTOPble ero MapaMeTPbI HCIbITbIBAIOT 
3aKOHOMepHble H3MeHeHHA. Y Ke LaBHO MOPCKHMH FeovioraMH ObIJIO OTMeYeHO, 4TO 
NOJHATHA B pelbede JHA MOPA XapaKkTepH3YIOTCA HeKOTOPbIM yBesIM4YeHHeM 
KPYNHOCTH OCaKOB, 4TO, BHAHMO, FOBOPHT O pa3JIH4HOH CTeNeHH MOABHXKHOCTH 
BOX (rHApOAMHaMHyecKOH aKTHBHOCTH) B rlyOOKHX BilaqWHax HW Ha NpHnosHA- 


_TbIX yyacTKax Ha (1). []poucxogquT cMbIB MeJIKHX IJIMHHCTbIX 4YaCTHIL BO Bia- 


“~ 


JWMHbI HM OTHOCHTeJIbHOe OOorallleHHe OCaKOB Ha NOMHATHAX Oovlee KpyMHO3ep- 
HHCTBIM MaTepHaJioM. Ha paccMaTpHBaeMbIxX CKJaqKax COfepxKaHHe B OcaKe 
d@paxunu 0,1—0,01 mm (6omee KpyMHbIx uaCTHIL 3eCb MOUTH HET) BOSpacTaeT OT 
MOMHOKbA K cBoxy B 1,3—1,4 pasa, XOTA uM OCTaeTCH JOBOJIbHO HH3KHM 


(go 15%). 


BecbMa JIOGONbITHO MOBeseHHe JBYX COCTABHbIX YacTel OCaKa — KapOouarT- 
HOH (B OCHOBHOM X@MOreHHOIi) H HepacTBOpHMOH, CHIMKaTHOH. Ha mpuBeyex- 
HBIX rpaduKax (puc. |) BUAHO, YTO aOcoMIOTHbIe MaCcbi KapOOHaTHOTO MaTepH- 
aia, TaK Ke KaK MH CHJIMKaTHOTO, 3AKOHOMePHO YMeHbIUalOTCA B COOTBETCTBHK 
C COKpallleHHeM MOIIHOCTeli paccMaTpHBaeMOM TOJINH OT BMayqHH K Bep- 
WHHaM NOsHATHH. B mepBoM cuyyae KouIMYecTBO KapOoHaTOB oT 98 r/cM® 
y OCHOBAHHA CKIaKM CHWKaeTCH K CBOAYy Mo 55 r/cm?, cocTaBJIAA 3eCb BCero 
0,56 cBoei mepBonauaibHoi BemnunHE!. Macca CHMKaTHOH (HepacTBopHMoii) 
yacTH Oovlee pe3KO cOKpalilaeTcaA K BeplHHe Nos_HATHA — Jo 0,47 oT cBoero 
KOJIMYECTBA Y NOLHOKbA CKaKU, MCHAACh OT 267 Jo 126 r/cem?. Ha Bropom nog- 
HATHM CTeMeHb H3MeCHEHHA STUX MapaMeTPOB OCaKa XapakTepH3yeTcaA Wudppamu 


0,81 yaa KapOonatos u 0,51 aa cHuiMKaTHOM YacTH. TakuM OOpa3soM, OT MOQHO- 


“KHH NOMHATHH K BepluwHHaM KOJIMYeCTBO CHJINKATHOrO MaTepHaJia COKpalllaeTcn 
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6onee ObICTPbIMH TeMMaMH, YM KOJIHYeCTBO KapOoHaToB. CHJIMKaTHbIe KOMIIO- 
HeHTLE OCaKa, MpelcTaBeHHble TiaBHbIM OOpa30M TVIMHMCTBIMM YacTHMamn, 
OKaSbIBalOTCA 6ovlee UYBCTBHTEJIbHBIMH K HepOBHOCTAM pejbeda 2Ha, 4eM Kap- 
6oHaTbI. BUHMO, 3TO CBA3AHO C HECKOJIbKO Oovlee BbICOKUM YAeJIbHbIM BECOM 
KapOoHaToB. YKasaHHble pasM4HA B MOBECHHH STHX KOMMOHECHTOB MPHBOAAT 
kK TIOBBINICHHIO KapOOHATHOCTH OCaKOB Ha BePwIMHaX NOMBOMMPIX NOMHATHH 
(3 HammMx cayuaax —B 1,1—1,2 pasa). 


BO ER 4 
(efem?) § 2(%)\N_--— —-~. 
200+ 300, te 


-_-. 


et 
~ 


Puc. 1. Pacnpenerenue ocaqKoB Ha NOJBOMHbIX NOJHATHAX B lOx- 
Hom Kacnuu. / — noquatue B loro-3amaquon yactH Mops, J] —noq- 
HATHE B WeHTpasbHou uactH TOxuHoro Kacnusa. a — pacmpegemenne 
a6coOJIOTHBIX Macc CaCOs B HOBOKaCHHCKHX OCayKax, 6 — pacnpeze- 
JleHHe a6COJNOTHEIX MaCC CHJIMKaTHOrO MaTepHala, 6 — CpeqHAA 
KapOOHAaTHOCTL OCaKoB, 2 — CojepxKanHe aJleBpHTOBOH dpakuHH 
(>0,01 mm); J — HoBoKacnHiickue oTMO*KeHHA, 2 — XBaJIBIHCKHe 
OTJIOKeHHA, 3 — rpAseByIKaHHyecKad OpekuHA 


Eure OfHOH Qco6eHHOCTHIO OCaKOB, OTWararolulHXCA Ha MOJIOMKUTEJIbHbIX 
CTPYKTYpaXx, ABIAeTCA 3aMeleHHe OOBIMHEIX TJ1yOOKOBOHBIX OTJIOXKeCHHH BbI- 
OpocaMH TpxASeBbIX BYJIKAHOB, KOTOPble WIM COCTABAIOT MpocoM pa3sJIM4HOK 
TOJMMMHI B OCALKAX, WIM IeIMKOM BbITeCHAIOT UX, OOPasyxA Ha NOAHATHM MOLL: 
HYyiO Wlanky rpAseByKaHMYeCKON OpekyHH. OTA NOCMeTHAA CIOKeHAa, Kak Mpa- 
BHJIO, CepOl aJIeBPUTO-FIMHUCTOH CHJIbHO Ta3MpOBaHHOM MaccOl C BKJIOYeH- 
HBIMH B Hee OOJIOMKAaMH NOpOL, IpeHMyllecTBeEHHO TINH, pasMepaMH OT 1—2 MM 
WO HeCkOJbKUX CaHTHMeTpoB. JlocTaTOouHO OobIIOe KOAMYeECTBO KOJIOHOK, 
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B3ATBIX B TOxwkHOM Kacnun (120), no3sBouset yTBepxKaTb, 4YTO MpOABJIeHHA 
PpASeCBOrO BYJIKAHH3Ma IIPHyPOYeHbI TOJIbKO K aHTHKJIMHaJbHbIM CTPyKTYPHbIM 
JIMHHAM VW CBA3AHbI, MO-BHJMMOMY, C JM3bIOHKTHBHBIMH HapyWIeHHAMH, OCJIOXK- 
HAIOWIMMH 39TH TeEKTOHMYeCKHe JIMHUH. Hasuunve B ocalKax MpoxyKTOB rpsse- 
BYJKAHM4eECKON JeATeJIbHOCTH — 3TO TeKTOHHYeECKH O6ycsIOBeHHaA ocobex- 
HOCTb OCAJ[KOB, XAPAKTePHAA TOJIbKO WIA MOBOLHbIX NOLHATHH MW He CBOHCTBeH- 
Hav CHHKJIMHAJIbHbIM NOHWKEHHAM H TeM yuaCTKaM jJlHa, Tye CKJlaquaTOcTb He 
pasBuBaach. J[pyrumu cI0BaMu, ITO OHA M3 OCOGeHHOCTeH MPOABJICHUA KOH- 
C€MMMeHTAIMOHHOK CKJaquaTocTu Ha He TOxkHoro Kacnua, u paccMaTpHBaTb 
ee clelyeT HapsAy C MOULHOCTAMH H J[PyrHMu MapameTpaMu OcalKa, HCIbITHIBAIO- 
ULHMH 3€KOHOMepHble H3MCHEHHA OT CHHKJIMHAJIbHOM BMaMHbI K CBOLY MOLHA- 
THS. 

Bce H3/1l0x%KeHHOe BbIINe TOBOPHT O TOM, YTO TeKTOHHYeCKHe JBYDKeHHS, 
NpOABJAOUlHecH Ha. He FOxuo-Kacnniickoi BnauHbl, OKa3bIBalOT 3aMeTHOe 
BJIMAHMe Ha COBPeMeHHOe oOcalKOoOpasoBaHne. MoulHocTH ocaKOB pe3KO COo- 
KpalijaioTca K CBOaM CKJaOK; HaOOalOTCA H3MCHEHHA B COCTaBe OTJOXKEHHI. 
[loka 06 sTHx MpolleccaX MOXKHO TOBOPHTh TOIbKO B CaMbIX OOWLHX YepTaX, HO 
Oosee WeTaIbHble PaOoTbl MO/JMKHbI, OesycJIOBHO, JaTb MHOFO HHTepecHoro. 

CTpyKTYypHO-allvaJIbHblli aHaIH3, CTABAILHH CBOE IeIbIO BLIACHEHHE OCO- 
OeHHOCTeH Pa3BHTHA TeKTOHHYeCKHX CTPyKTyp, MOXKeT NO“epNHYTb MHOFO MO- 
Jl@3HbIX CBeEJeHHH H3 HCCJIEOBaHHA COBPeMeHHbIX MOPCKHX OCaXKOB, OTJAarato- 
IWMXCA B YCJIOBHAX, NOAOOHDIX TeM, 4TO HaGJHOMaioTcs B FOxwkHoMm Kacnun. Us3y- 
YeHHe BOMPOCOB KOHCeIMMeHTAILHOHHOH CK/IaL4YaTOCTH BeeTCA B OCHOBHOM [IO 
APeCBHHM, HCKOMNAeMbIM CKJIaKaM HW OTJIOXKCHUAM, B KOTOPbIX MOXKHO HAaGIOAaTh 
TOJbKO K@KOH-TO KOHeEYHbIN Pe3syJIbTaT B3aMMOMeEHCTBHA TEKTOHHYCCKHX JBH- 
*KeHHH MW OCAKOHAKONJeHHA, a CaM npolecc 93TOrO B3aHMOReHCTBHA 
OcTaeTCAH [paKTHYeCKH HeBbIACHHMbIM. B uacTHOCTH, BeCbMa TPYIHO CYAHTb 
oO ruyOuHe MOpPA, O CTeneHH TeOMOpHoOJIOrHyeCKON BbIPaxKeHHOCTH J peBHeH KOH- 
Ce€JMMeHTAILHOHHOH CKJIaKH, O PHA pOUHHAMHYeCKHX, PHAPOXHMHYeCKUX HU Apy- 
PMX OcO6eHHOCTAX Toro GacceliHa, B KOTOPOM MpoucxoAuIO pasBuTHe KOHCeIH- 
MCHTAILMOHHBIX CTpyKTyp. Powb MHOFHX H3 3THX (PAaKTOPOB MOXeT ObITb BbIAC- 
HeHa Tp H3yYeHHH COBPeMeHHbIX OCAKOB TeX MOpeli, Te AKTHBHOe TEKTOHH- 
yeckoe PasBUTHe NMpOoMKaeTCA B HAaCTOALLee BPeMA; MOMyYeHHbIe PesyJbTATHI 
MOMKHO OyeT MPHMeHHTb C YYeTOM KOHKPeTHOH OOCTAHOBKH K aHaJIu3y pasBH- 
THA J PeBHHX CTPyKTyp. 


HuctuTyT reonorHuH H pa3paGoTKH roplounX HCKOMaeMbIx Tlocrynuvio 
AxkayemuH HayK CCCP 19 VIT 1960 
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Jloknanp Akagemun nayr CCCP 
1961. Tom 137, Ne 1 


TEO/IOP HA 


A. A. HHKOHOB 


O BOAHO-JIEAHHUKOBbIX OBPASOBAHHAX HW XOJE 
COKPALIWEHHA MATEPHKOBOrO OJIEMEHEHHS 
HA CEBEPO-BOCTOKE ®EHHOCKAH]HH 


(II pedcmaeaexo axademuxom JI. H. Mep6akoserm 18 X 1960) 


BoOHO-JIERHHKOBbIe OOpas0BaHHA OOslacTH MoOcJeqHero CKaHHHaBCKOrO 
HOKPOBHOFO OJIeeHeHHA MOTYT ObITh NoLpaseseHbl HA TPH KPyNMHble rpynnpl: 
JOKA@IbHBI€, PaHasibHble (MarHCTpaJIbHble) H MAPrHHaJIbHble. 

Bonpeku cyilecTByroulemMy MHeHHIO (°,”), Ha CeBepo-3anaye KowpcKoro 
OJIYOCTpOBa BOJ[HO-JIEMHHKOBbIe OOPasOBaHHA WIMpOKO pa3BUTbI U MpescTaB- 
JIGHbI HECKOJIBKHMH TpyinaMH WH pa3sHOBHAHOCTAMH, Tak 2%e Kak B MuHCKOH U 
Hopspexckoii Jlanmangqun (*, °, 1°). Pasnuuua Mexkay O6pas0BaHHuAMU KaxKON 
rpynnb B OovJIblieH Mepe 3aBHCAT OT YCJIOBHH pewibeda MU THMCOMeTPHH. 

Ha ceBepo-BocTtoke MeHHOCKaHAHH Pa3BHTa BCXOJIMM€HHaA MOpeHHaA paB- 
HMHa, Hapyllaemad OTJeJIbHBIMM rpynnamMu rop. Ona couneHsAeTcA Ha fore C 
rOpHbIM moscom BEIcoTOH 600—900 m. Ilo nempeccusm Ha 3TY TeppuTOpHtO TIpo- 
HHKaJIH BOJbl MOPCKHX MO3AHEJIEHAKOBbIX TpaHcrpeccHit. 

JIOK aJ.bH bIe€ MOPeHHO-BOAHO-JIeHHKOBbIe H BOJHO-JIeMHUKOBbIe OOpa- 
30BaHHA TIpeCTAaBJICHbI TPHJIeqHHKOBbIMH TeppacaMH, JIOKOHHAMH CTOKA TAa- 
JbIX BOX, TpALAMM Ha CKJIOHAX HM B TaJIbBerax, MOJAMM XOJIMHCTOrO pewbeda. 
Bce OHH HMeIOT CPaBHHTeJbHO HeOOMbUIMe PasMePpbl H OFPpaHH4eHHoe pacnpo- 
cTpaHennue. 

B ropax CapucenaH-TyHTypu, MaccuBax JlaBHa- u Ilapda-TyHapbl uv ~Apy- 
raX Ha BbICOTaX OKOJIO 450—500 M ycTaHOBJIeHbI KOHILCHTPHYeCKH ONOACHIBAIO- 
(He CKJIOHbI IIPHJIEMHHKOBbIe Teppacbl, AHAJIOTHUHbIC OTMeYABIIIMMCA paHee B 
ropax Tyagam, Uyna- u Monua-tyngppi (°, 3). 

B oryebHbIX Ppynnax Top, BOSBbIMIAIONINXCH Hal XOJIMHCTOH MOpeHHOH 
paBHHHOH K CeBepy OT ropHoro Mosca, Ha BbICcoTax 0 300 mM ycTaHOBJeHbI Mosca 
cyOmapaseIbHbIX, OFHOAONIMX CKJIOHBI TPA, B CTPOCHHM KOTOPbIX yuacTByeT 
M MOPeHHBIH, H CIOBHOrIAMMAJIbHbIM MaTepvas. TopH30HTabHoe MIM ci1a60- 
HaKJIONHOe CyOnapaswiebHOe OMOACHIBAaIOIIee MpOTAKeHHE MPHJIeHAKOBbIXx 
Teppac M MOPe€HHO-BOJHO-JIeMHMKOBEIX TpAy, Ha CKMOHAX TOP HK MX AKKYyMyJIA- 
THBHbIH, HEHAPYWICHHbIM XapaKTep CBHeTebCTBYIOT O BOSHAKHOBCHHH Y Bep Xx- 
He KPOMKH HeMOABMxKHOrO JIba. 

Jlow6uHbI CTOKA, BAObTAIbBEFOBbIe U MepeceKalollWe CKJOHbI PpAybl BCTpe- 
“aloTCA Ha BCeHl TeppHTOPHH, HO, KaK MpaBuso, He BpIIe 300 M aOc. BBICOTHI. 
[IponopwvouabHO CHHKeHHIO THMCOMeTPHYeCKOrO MOMOHKeEHUA KOJMYECTBO 
HM pa3MepbI JIOKOMH CTOKA B IeOM YMeHbIMaloTcA, a Ppa — yBesJIM4MBAaIOTCA. 
B rpsfax COOTBeTCTBeHHO yMeHbUIaeTCA yuaCTHe MOPeHLI, YyBeJIMYMBaeTCA 
LOJA (PMOBMOIAWHAJIbHbIX OCALKOB, TaK 4TO B OOULeEM MpeobMaaioT pAb We- 
JMKOM QJIOBHOPIALMaIbHOTO CIOKeHHA. 

Cekylee IpoTsKeHve gacTu pA, Mo CKIOHaM, MecTaMM c MepecegeHHem 
MIOCKUX, Ooulee PpaHHUX JOKONH, CBOOOAHOe H3rHOaHve BO/bTaIbBerOBbIX 
rpaf, MX CJIO%KeHWe MpPeHMyleCTBeEHHO OTMBITHIM MaTepHaJIOM Cc OG6vIeKarolleh 
COHMCTOCTbIO — STH (paKTbl 3aCTaBJIAIOT TOBOPUTb O CBOOOAHOM OTJIOXKeHHH 
OCaMKOB B OTKPHITbIX, T. €. HAJICQHBIX, KAHaTaX C MOCJELYIOUMM OMyCKaHHeM Ha 
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moyvietHy!0 moBepxHocTb. [pagbl, coxKeHHbIe MOpeHOH, u ChIOBHOrIAUHasb- 

_HbIe B Alpe, HO C MOPEHHOM MOKPbINKOi, B OObIIHHCTBe CLy4aeB JOIKHEI ObITE 
OTHECEHbI K MOWICIHbIM OOpa30BaHHsnM. 

XOJIMUCTHI MOPeHHO-BOJHO-JIeQHUKOBbIIi H UHCTO BOMHO-JIeMHUKOBBIM pesbedbi 
COCpeQOTOYeHB! MOUTH MCKJIOYHTEJIbHO B MOHH2KEHHbIX YACTAX KOTJIOBMH. Hepes- 
KO K H€MY NOLXOAAT SPO3SHOHHbIe JIOKOMHEI CTOKA HW O30BbIe TpAbl. Y ceBpep- 
HOrO NOAHOKUA TOp CapHcesAH-TYHTYPH MOA BOJHO-sIeIHMKOBLIX XOJIMOB 
MM@IOT APYCHOe CTpoeHHe C MOHH?KeEHHEM B CTOPOHY OT Lop, YTO ROJKHO OBITS 
HUCTOJIKOBaHO Kak pe3YJIbTaT NOHWKeEHHA YPOBHA MpwemMHoro GOacceHa BCE 

3a TIOHMKEHHEM MOBeEPXHOCTH OFpaHHuHBaBlUlero ero C CeBepa JIbsa. B 3THX H 

_ OOJIbUIMHCTBe JIPyrHX CTy4aeB CBOHCTBa XOJMUCTHIX OOpasoBaHHit OObACHAIOTCA 
TOJIbKO MpH3HaHHeM HaJIeqHHKOBOrO reHesuca. B Govlee peqKuX CyYaAX HAXOXK- 

| A€HHA BOMHO-JIeHHKOBBIX OCAIKOB B XOJIMHCTOM peJlbedbe MOA MOPeHOH, MpH 
OTCYTCTBHM WIM HeEYETKOCTH CJIOMCTOCTH B HHX, MOMKHO JOMYCTHTb HaKOMVIeHHe 
MaTepHasia B TOMJIeQHBIX KOJWIeKTOpaX. 

. Bce oTMeveHHbIe MOPeHHO-BOJHO-JIEIHUKOBbIe MH BOMHO-JIeEMHHKOBbIe O6pa- 

_ 30BaHHA HMeIOT XapakTep CBOOOMHO HaJIOKeHHbIX AKKYMYJIATHBHbIX HaKOTWIe- 
HAH C NPH3HaKaMH MpOeKTHPOBaHHA CO JIba Ha 3EMHYIO MOBeEpXHOCTb (o6eKat0- 
ulad CMOMCTOCTb), 6e3 KaKHX-M60 CeOB TOPH3OHTAIbHbIX CMeIIeHHH, Hapy- 
WI€HHH, CPbIBOB. ITO aeT OCHOBAHHE OMpeeNeHHO CBA3LIBATb UX C HeMOABHK- 
HbIM MePTBbIM JIbJIOM. 

Yka3aHHble (PakTbI CBHJeETeEbCTBYIOT OO OMePTBJCHHH MAaTepHKOBOTO JIbja 
10 KpaHHeH Mepe KO BpeMeHH OCBOOO*KAeEHHA OTO JIba HAaMBBICUIMX BePIIHH 
TeppHTOpHH, T. e€. NpH MomMoulH MHHAMyM 500—700 M, Kak yxKe OTMedaJIOCb 

8B anTepatype (°, 1, 1°). YkasanHble OKabHbIe OOpasoBaHuA OTPaxaloT TeH- 
TeHWMIO COKPallleHHA JIENHHKOBOFO MOKPOBa MO BePpTHKAaJIH, MpH KOTOPOH ero 
MNOBEPXHOCTb MOHWKAaTaACh B IeIOM MapaiesbHO CaMOH Ce6e, a HHTCEHCHBHOCTb 
TaAHHA MporpeccuBHO yBeMYMBaNaACh MO Mepe YTOHeHHA HW pacueHeHuA JMep- 
HHKOBOFO MOKPpoBa. 

PawquaabuH be BOMHO-eTHHKOBbIeE MarHCTpaJlH Pa3BHTbI B CeBepo-BO- 
CTOYHOK MeHHOCKaHAMH 3HaUHTeIbHO OoIbue. OHH MpPOTAPMBAaIOTCA Ha JeCATKH 
(pexKe COTHH) KHJIOMeETPOB B IleJIOM K C€BEPO-BOCTOKY, ABJIAACh XApaKTePHbIMH 
JMHeEWHEIMM MOpOOrHyecKUMH H an AWApTHEIMN OOpasoBaHHAMH M JIA Cylpa- 
U JIA CyOaKBaJIbHBIX TeppHTopu. Maructpau Ha OOJIbIIeM CBOeEM IIpOTAKeHHH 
MIpHypouewbl K OCeBbIM 4ACTAM JIMHEMHbIX empeccuii, TaJIbBeraM JOJeqHUKO- 
BEIX JOJIMH HW JHY KOTJIOBHH. BMecre c TeM OHM JaJleKO He BCera COBNAaLaioT M0 
HallpaBJIeHHIO H YKJIOHY CO CTBOJIAMH COBPpeMeHHOH FHuApoceTH, HepeKO Tlepe- 
CeKal0T COBPeMeHHbIe BOMOPAaseNbI, B YACTHOCTH Mepexoga u3 Oaccelina p. Ty- 
JOMBI B OacceHbI peK ceBepo-3anaqHoro mModepexkbA KowbcKoro MOJyOCTpoBa. 

PayuasibHble BOXHO-JIeMHHKOBbIe MArHCTPasH YeTKO Pa3eJAIOTCA Ha yuacT- 
KH, BOSHHKIIMe Ip HelocpescTBeHHOM YyUAaCTHH MO3L{HEeJIEMHAKOBbIX Oacceli- 
HOB (cy6aKBaububle) u 6e3 UX BOSelicTBHA (CyNpaaKBaJIbHble). 

CocTaBHBIMM uaCTAMM CYyNpaaKBaJIbHBIX YYACTKOB ABJIAIOTCA JIOMKOMHKI 
JOJIMHBI CTOKA, O30BbIe PpAbl M KAMOBBIe MOJIA. ITH 9IEMEHTHI TEHETHYECKH TeC- 
HO CBA3aHbI [pyr C APyroM U, 3AKOHOMePHO CoueTaAch, OOPasylOT 3AKOHYEHHHIC 
H WebHbIe 3BeCHbA MarUcTpaJel cTOKa, KaxKLOe U3 KOTOPbIX 3HaMeHyeT (puito- 
BHAaJIbHBIM WHKJ. 

Ha guctaipubix (CeBepO-BOCTOUHBIX) CKJIOHAX BO3BDIIeHHOCTeH 3BeHbs 
COCTOAT W3 JOJMHBI (OXKOMHHI) CTOKAa, O30BOli rpALbI (rpAL) M KAMOBOLO TIOWIs, 
NOCMEMOBATENBHO PacnomaraiwouluxXCA OT BLICOKHX K HA3KUM OTMeTKam. Ha mpo- 
KCMMAJIBHEIX (10TO-3allaHbIX) CKJIOHAX SPO3HOHHbIC OTPe3KH OTCYTCTBYIOT, H 
BOJHO-JIEMHUKOBbIe OOpasoBaHHA Ha COBPEMCHHOH MOBEPXHOCTH, CIEMOBATeIbHO, 
He OTPaKAaIOT MOTHOCTHIO (*PIIOBMaAIbHOTO UWHKJIa. 
| PacnpoctpaHenve BanyHoR UM TasbKH B paCCMaTpHBaeMbIX OOpasoBaHUAXx 
HenocpefCTBEHHO K CeBepO-BOCTOKY OT BbIXOJOB AHAJIOTHYHBIX KOPCHHEIX T10- 
po M cymlecTBeHHO TsE6OBOli MOpeHEI TOrO xe cocTaBa, Oosee HIM MeHee 
peskoe yMeHbIleHue coxepxKanuaA KPyMHOOONOMOUHOrO MaTepHasa OMHOBpe- 

| MeHHO C yJIyULeHHeM ero OKATAHHOCTH B TOM Ke HalpaBJIeHHH, OOM HaKJIOH 
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CJIONCTOCTH B OTJIOXKeHUAX K CeBEPO-BOCTOKY (BCe 9TO H HA JMCTAJbHBIX HHA 
IIPOKCHMAJBbHBIX CKJOHAX BOSBbILIeHHOCTeH), OTCYTCTBHE OOpalleHHBIX K 1OrOr 
ganaly JIOKOKH M OHH CTOKAa— BCe 3TH (haKTbl, HECOMHEHHO, CBYJeTeJIb- 
CTBYIOT O HalpaBJIeHHOCTH TeYeHHA TaJIbIX BO K Ce€BepO-BOCTOKy. 

CxBo6oHoe H3rHGaHHe HU OOeKAIOULaA CJIOWCTOCTh AKKYMYJATHBHBIX OOpa- 
30BaHHH, HECOOTBETCTBHe MexKJLy TEeYCHHEM DOTOKOB K CeBepO-BOCTOKY HM COBpe- 
MeHHBIM HaKJIOHOM CO3/aHHbIX HMM OOPas0BaHHH K wro-3anally Ha MPOKCHMAaJIb- 
HbIX CKJIOHAX BOSBHILMEHHOCTeH HM MOJHOe OTCYTCTBHE MOPeHHOM NOKPbILKA To- 
BOPAT DPOTHB MpeANOTO*ReHUA O MOMJETHOM MpOWCXO*KMeHHN MAaLMCTPaJIbubIXx 
oOpas0BaHHH, HO XOpOWO COBACHAIOTCA MPH NPWHATHM THMOTe3sbl HaMeAHOrO 
UX BO3SHHKHOBeHHA. 

O6ujee ceBepo-BOcTOUHOe HapaBJeHve CTOKAa HM eFO OTKJIOHEHHA Ha DepH- — 
cbepHu xopolmo corsacyloTcs He c OOnleH THUCOMeTpHeH TeppHTOPHH, a C Ha- 
NpaBJeHHeM JBHKEHHA H, CJIeEOBATeJIbHO, YKJIOHOM NOBePXHOCTH MaTepMKOBOLO 
Iba. 

B onpeleieHHolH CTeleHH 34KOHYeHHIN, OFPaHHYeHHbI XapakTep 3BeHbeB 
BHYTpH MarHvcTpaJbHbIxX OOpas0BaHHii, YKa3aHWA Ha OOJbIMyIO CHJy NOTOKOB 
IIPCHMYLLECTBEHHO 3a C4eT YKJIOHA Pyce.l, CBA3b OOULerO laHa CTOKAa C HakJIO- 
HOM JI@lAHOH NOBepXHOCTH HM MpH3HAKU HaJIeHHKOBOrO BO3HHKHOBCHHA pa- 
JMAJIBHBIX BOJHO-JIEMHAKOBbIX MarHCTpaJieH MPHBOAAT kK yOe*KeHHIO B AKTHB- 
HOH Jl@ATeJIbHOCTH MOTOKOB TaJIbIX BOX B HeWIMpOKOM Tosloce CpaBHUTeIbHO 
KpyToro Kpas JleqaAnoro MaccuBa. BLITAHYTOCTb 3BeHbeB CTOKa B MaFrHCTpaJib- 
Hbl€ pajlHaJIbHble OOpasoBaHHA, TeCHaA CBA3b pyr c Apyrom vw HaIMUHe Mepe- 
XOJIHBIX 3JIEMCHTOB, MPH3HAaKH BO3HHKHOBeCHHA KarxKOrO 10ro-3alafqHoro 
3BeHa 1103Ke IphJexKalllero CeBepO-BOCTOYHOrO — He OCTABJIAIOT COMHEHHA B 
TOCJIELOBATebHOM (POPMHPOBaHHH KarxKOH BOAHO-JeMHHKOBOH MarucTpain 
IpH OTOABHraHHH kpasA Jibjla K lory-3allayly. 

B cyOakBaJIbHbIX y4YaCTKaX PaHabHbIX MarHCTpaseH BOHO-JeqHUKOBbIC 
OOpa30BaHHA MpeCTaBJIeHbl MOUTH HCKJIOUMTeJIbHO AKKYMYJATHBHBIMH «O30- 
BbIMH WeHTpaMuy. OH ABJIAIOT COOOH KOPOTKHe HM KPYTble eHHHUHbIe PpApl, 
pexke iaTo, BbITAHYTbI€e WeMOYKOH BOIb OCeBbIX YacTeH 3aTOMMABWIMXCA 
MNOSHeJeHHKOBbIM MOpeM Jlenpeccuh. CyoxKeHbl TaKMe FpALbl HCKJNOUMTEbHO 
(PIIOBHOPIAWMAJIbHbIM MaTepHaJIOM, OObIYHO C 3aMeCTHbIM H3MeJIbu aHHeEM OT 
MPOKCHM@JIbHOrO K J\HCTaJIbBHOMY KOHILaM M JlaxwKe C allvaJbHbIM Mepexoom 
MecTaMH B OCaLKH MpHeqHHKOBOrO OaccelHa. I pAMbl HECYyT CJleAbl BOSMEMCTBH A 
MOpd TakoxKe B BHJE IIPHWIeCHeHHbIX K CKJOHAM Teppac H IMHHCTHIX MOPCKHX 
OCa\KOB Ha CKJIOHAaX. 

Malad NpOTAKeHHOCTh, MPpAMOJIMHEHHOCTh «O30BbIX IeHTPOB», CJIOXKeHHe 
HX TaJleUHbIM H HepeKO BaJIYHHbIM MaTepvaJiOM (H€3aBHCHMO OT IIPHCyTCTBHA 
BOJIM3H BbIXOMOB KOPeCHHbIX MOPOA) UM OTCYTCTBHE MPOMe?KYTOUHEIX O3ePHO- 
J@HHKOBBIX OOpas0BaHHli — 3TH MPH3HaAKH YKa3bIBalOT Ha KpyTOM YyKJIOH 
JO*%Ka NOTOKOB, MPOTeKaBUIMX BO JIbyly, 6e3 Bpe3sa B MOsNeqHOe OCHOBAaHHe. 
CoBOKYNHOCTh MpH3HaKOB CBUETeIbCTBYeT O TOM, YTO «O30BbIC WeHTPbI> sB- 
JAIOTCH Pe€SYJIbTATHBHbIM OTPaxKCHHEM CaMOCTOATEJIbHDIX KPAaTKOBPeMeCHHbIX 
SBEHbeB CTOKA, BOSHUKABIIHX Ha JIbLY MO Mepe OTOABHraHHA ero Kpad Ha rpa- 
Hue C MOPCKHUMH 3aJIMBaMH, MPOHHKABINHMA MO MOWe{HHKOBbIM JlenpeccusM 
B ryOb TeppHTopuH. 

Oco6piit Culy Ya NpelcTaBJAeT y4acTOK BOAHO-JIeMHHKOBOM MarHcTpaJiv HH7Ke 
MOPCKOH rpaHHllbl B BepxoBbAx p. JlotTpI (°, 4). 

Takum o6pasom, CTpOeHHe PaMaJIbHbIX BOHO-sIeHHKOBbIX MarHucTpaieH B 
cylipa- M CyOakBasIbHbIX yYacTKAaX OMHAKOBO CBHUJETEIbCTBYeT O CYUIeCTBOBA- 
HMM MOp@OJOrHyeckH BbIPpaxKeHHOrO Kpast JeMHHKOBOTO NOKPOBa H ero Mocue- 
AHOBATeNIbHOM OTOABHPAHHH apaWwiebHO CaMOMy cee, T. e€. O NPOABMEHHH 
TeHACHUHM YOBIBAHUA JeLHHKOBOrO MOKPOBa B TOPH3OHTAJbHOM HampaBJeHHH. 

Becte c TeM HUKaKMX MAPTUHAJbHbIX OOpasoBaNHit uM Apyrux 
HPHSHAKOB, KOTOPbI€ MOXKHO ObIIO Obl IPHHATh 3a MOKA3aTeJIbCTBA AKTHBHOTO 
COCTOAHHA Aba BO Bpems ero yOblBaHua (°, ®) B MaTepHKOBOli YaCTH CeBEPO-RO- 
cTokKa MeHHOcKaHHH, He oOHapy Keno. 
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[IpuBeyenuble (bakTb! MO3BOJIAIOT B OTJHUME OT HMeIOLNLNXCA TipeAcTaBJIeHH Hi 
(°, 1, *, ®) cnezyoulum o6pa30m BKpaTe mpescTaBUTb CoKpauleHHe mocueHero 
MaTePpHKOBOrO OJleeHeHHA B MATePHKOBbIX YaCTAX CeBepo-BOCTOKa MeHHOCKaH- 
auu. 

B mo3qHeeqHHKOBOe BPeMA, KOPa MOULHOCTS JIbla CocTaBJAIa He MeHee 
500—800 M, B JI€MHHKOBOM MOKpOBe MpekpaTHJIOCh ABWKeHHe BeleCcTBa OT 
Jefopaspzena. [loka Kpai NokpoBa Opi asieKO Ha CeBepe H CeBepO-BOCTOKEe, Co- 
KpallleHHe eFo U1J0 IyT€M NOHW2KeEHHA MOBeEpXHOCTH, KOTOPad OTPaxkavia B OOULMX 

“4epTax MOMJIeHHKOBbIN Makpopevibed. IlocreneHHo OTO Jbia OCBOOO*KAIMCh 
BepIIHHHbIe 4aCTH Fop, 3aTeM BCe OO/bUINe MWJOULalH BOSBBILIeHHLIX 4acTeii 
“pembedba. OAHOBPeMeHHO KPaii NOKPOBA, COXPaHABIINii B WeOM CBOIO copy 
OT BPeM€HH AKTHBHOFO JBHXKeHHA NOKPOBA, OTOABHraJICH K 1wro-3anally HU 3a- 
‘aly MyTeM ycuJeHHOrO TatHHA H pacuenenua. C npuOmuxKeHMeM K KaxKJOMYy 
“AaHHOMY MeCTY KpaA NOKpoOBa, CTaHOBHBIUeroca BCe Gomee TOHKUM, YOpIBaHHe 
JbWa 3eCb CHJIbHO MHTCHCHULUPOBANOCh, KOJIMYCCTBO TaJIbIX BOJL 4 HX KOH- 
“WeHTPallNA B JMHeHHbIX MOHMKeHNAX peskoO BospactamH. Tloce OTOABUraHusi 
_kpaa JIba Ha 9KCTParAWHaJIbHOH TEPPpHTOPHH B MPHAOHHbIX YaCTAX MHOTHX 
_OJIMH WM KOTJIOBHH COXpaHHJINCh pa3s0GuleHHble MACCHBLI M riblObl Taroulero 
‘iba, C KOTOPLIMH CBA3AHO (POPMHPOBAHHe MMEIOULeETO 3HAYHTeJIbHOe PasBUTHE 
_XOJIMMCTOrO MOPeHHOrO H MOPeHHO-BOHO-seLHHKOBOFO pelbeda. 

Takum o6pa30M, OJHOBpeMeHHOe MPOABJIeHHe ABYX Pa3JM4HOH MHTeHCHB- 

-HOCTH TeHJCHIMH TadHHA B MpOMOKeHHe MO3LHEeTHAKOBOrO BpeMeHH TIpH- 
“BOMHJIO K COKpallleHHio OGbeMa NOKpoBa 6e3 CyIleCTBEHHOrO H3MeHEHUA ero 
(pOpMBI, MOKa Kpali He OTOXBHHYJICA MO CepeqwHHOrO ropHoro mosca. Oxo 
Ke BHISBAJIO MOCMeOBATeJIbHOe BOSHUKHOBeCHHE OT GOOJIbLIMX AOCOJIOTHDbIX BBbI- 
‘COT K M@HbIIMM HM C CeBepo-BOCTOKa K 10Po0-3allaly JIe,HHKOBO-BOAHO-JIeHUKO- 
BbIX JIOK@JIbHbIX, A 3AT€M YHCTO BOHO-JIEMHHKOBBIX PajlMaIbHbIX (MarHCTpavib- 
HbIX) OOpa3s0BaHHli. ITH OOpa3s0BaHHA CBA3AHbI Ha CeBepo-BocTOKe CKaHHHa- 
BHM HCKJIIOUNTeEIbHO C MeEpPTBbIM JIbIOM. JloKaJIbHbIe OOpa3s0BaHHA, B CJIOXKCHHH 
KOTOPbIX y¥acTByeT MOpeHa, YaCTHYHO BOZHHKAIH TOO JIbOM HM BHYTPH Hero, 
HO OOJbWwWaAd YaCTb COOCTBEHHO BOJHO-JIEXHHKOBbIX OOpa30BaHHli — payavb- 
HbI€ BOJHO-JIEHHKOBbIe OOpa3s0BaHHAA — BO3HHKJIa IyTeM 3alOJIHeHHA BOJHO- 
JI€EQHHKOBBIM MaTepHasIOM JHCTaJIbHbIX YaCTeH HaJIeHbIX KaHaJIOB H MOCMeLy10- 
‘wero OmycKaHHus ero Ha 3€MHY1O MOBepXHOCTDb. 

CaeqoBaTebHO, HH OHA 3 CYULeCTBYIOULHX PHINOTe3 BOZSHHKHOBeHHA BOHO- 
_JIE{HHKOBbIX OOpa30BaHHH (B YaCTHOCTH, 030B H KaMOB) He MOET ObITb IPHHATA 
‘WeIHKOM. CnpaBeQIHBbI JIMUIb OTJ@IbHbIC HX MOJIO%KCHHA B IpPpHMeHeHHH K OT- 
Je@bHEIM TpynMaM BOAHO-JeqHHKOBbIX OOpasoBaHHi. JImiub udpepenwupo- 
BaHHbIN, reorpapuyeckHH MOLXOA K NpoOseMe B COYeTAHHH C OOWMMM Mameoreo- 
Tpa@uyecKHMH peKOHCTpyKIWHAMH MO3BOJINCT YCTAHOBHTb TeHesHC KarkJOu 
rpynlbl HM pa3HOBHAHOCTH BOJHO-JIGMHHKOBbIX OOpa30BaHHl. 


Koupckui dusnan um. C. M. Kuposa {locrynHo 
Akayemun HayK CCCP 17 X 1960 
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Jloxnagn Akagemun wayrk CCCP 
1961. Tom 137, Ne 4 


[EOJIOLH fi 


H. H. ®OPLI u A. H. XPAMOB 


NAJIEOMATHETH3M H MAJIEOKJIAMATbI HA PYCCKON 
NJIATPOPME B KAPBOHE H TMEPMH 


(IT pedcmaeaeno akademuxom H. M. Cmpaxoeoim 12 VIII 1960) 


JlerasibHoe W3y4eHHe KaMCHHOYFOJbHbIX H MepMCKHX OTIOKeHHM PyccKon 
NulaTOpPMb! MO3BOJIHIO MOCTPOHTb KapTbl paciipeyeseHHA OCaqKOB — HHNKa- 
TOPOB KJIHMaTa WIA paAya Apycos. CpaBHenve HX Mexy coOoH yKasbiBaeT Ha 
HeEOJHOKPaTHOe CYUICCTBEHHOe CMeICHHe KJIHMaTHYCCKHX 30H, MpOHcXo_MBulee 
B TeYeHHe KaMeCHHOyrosbHOrO MM MepMckKoro nepHogzos. IIpousBeqeHHbie 
A. H. XpamosbiM MaeoMarHHTHble HCCIe€{OBaHHA aM BOSMOXKHOCTb BOCCTAa- 
HOBHTb NOJIOXKCHHE MA@PHHTHbIX MepHAHaHOB H MapasmereH JIA pAa BeKOB 


KapOoHa HM TepMH. 
TaOauua 1* 


Bospact TeosornuyeckHit o6beKT H3Y4eHHA ie) | A | QO, | 8, ¥, Wt 

P, BepxuetTaTapcKHe KpacHouBpeTb! p. BaATKH 

H 3aBO0KbA 53 160 6,6 4,8 4 2 
P, HuxkHetatapcKHe KpacHolseth IlpHKamMba 

WH 3aBOu%KbA 50 162 7,4 5,0 4 3 
P, KasaHckHe oTMOxKeHHA IipHkamba 52 164 10,9 7,3 6 4 
P, Y@uMcKue KpaCHOUBeTHE 10 pp. Kame 

u Benoit 46 164 8,8 5,5 5 3 
P, HuxHenepmMckKHe KpacHouBetbt Jlon6acca ** 48 169 10,5 6,0 6 3 
Cs ApaykapuToBan cepua JlonOacca ** 4A 178 5,0 mye 3 1 
Cy Oxcko-cepnyxoBckHe caoH THXBHHCKOrO 

paiiona 43 161 6,5 3,9 3 ps 
C; TyapeKue cnon pp. Iipuxum u Map 4A 164 8,4 4,7 4 z 
Cy KpacHouseTbl HH30B Cy. Bepxonba p. Catch | 7 133 4,4 Sait 2 1 


* d, A — KoopAuHaTb! ManeOMarHUTHOrFO Nomoca ceBepHOro NOsyuapHg; Q, H ©, — nNoMyocH OBana 
norpelHocTH (B rpafycax), ONHCaHHOTO BOKPyr HaliqeHHOrTO NONOMeHHA NOMOCa; HCTHHHOe NOMOKeHHe 
nmomoca HaxXOQHTCA BHYTPH STOO OBaNa Cc BeEpOATHOCTbIO B 95%; WY, un W,— BepOATHbIe MOPpelvHOCTH | 
onpefeseHHA MONOKeHHA H OPHEHTHPOBKH Mapasmeneh, COOTBeETCTBeHHO (B rpayycax). 

** JlanHele coBMecTHOH pa6boTh c A. H. Tperaxom. 

B ta6n. 1 NIpHBeeHbl CpesHHe KOOPAHHATbI TEOMArHHTHbIX TIOJIIOCOB B pda3- 
JIMYHbIe SIOXH MNO JaHHbIM TaJIEOMarHUTHbIX onpeyeeHui B pa3JIMUHbIX TOU- 
Kax Pycckol T1JlaTPOp MBI. IlaneomMarHuTHbie NapaJJeu Ha MpHJlaraeMblx KapTax 
(puc. 1) cooTBeTcTByioT HM€HHO 9THM KOOPAMHATAaM. 

Hanecenne MaJIECOMarHUTHbIX lap asuesen Ha TMaJIeOKJIMMAaTHYeCCKHE KapTbl 
moka3saJlo Xopotlee COBMaeHve B H3MCHEHHH NOJIOMeHUA MaJICOMarHHTHbIXx Md- 
pauener MW MWaJIeOKJIMMaTHYECKHX 30H, MpOHCXOJHBINee OT BeKa K BeKy. Pac- | 
CMaTPHBaA TlaJiCOMarHHTHble WU MaJleoKJIMMaTHYeCKHe JIAHHbIe B OTeJIbBHOCTH, | 
Mbl MOP Obl OObACHHTh HAGJIOMAeMBIe CMELLCHHA AHOMAJIDHbIMH OTKJIOHCHH AMA 
KJIMMaTH¥eCKHX 30H H TaJIeOMarHHTHbIxX lapauesen OT reorpaduvyeckHx. Ho 
xopomee HX COBNayzeHue M@K]LY co6oH MOsBOAeT TpeAMOaraTb 3€Cb OOULy10 
NPHYNHY, CUHTATb, UTO H TO H Apyroe ABMAeTCA CJIEICTBHEM COOTBeETCTBEHHOTO 
CMCIICHH A reorpaduyecKux Napaswiesen. Corsiacue maJieOMarHHMTHbIX HW TMaJleo- 
KJIMMaTHUCCKUX JaHHbIX, NOJIYYCHHBIX Ha OHOHK uw TOH »%Ke TePppHTOpPHH, CJy- 
2KUT CBHACTEJIbCTBOM JIMMOJIBHOCTH TeOMarHUTHOrO MOA B KapOouHe M TepMyH. 

[leppaa Kapta (puc. 1) nocrpoena 18 HH30B HMxKHErO Kap6oua. Ilo naneo- 
MdarHHTHbIM JaHHbIM, BCA PyccKkaa nulaTpopma WovaaeT B NpHSKBAaTOpHaJb- 
Hyl0 30HYy. 1 jelicrBuTebHO, 32eCb WIMpOKO pa3BUTHI OCa_KH — HHAMKAaTOpbl 
Kap KOTO H BJIaKHOTO KJIMMATA: YIJIEHOCHbIe OTJIOWKCHHA C JenUAOLeEHApOHOBOH 
plopoi, 3aJI@KH OOKCHTOB HU CJlefbl JIaTePHTHOTO BbLIBeCTPUBaHHA. Ocaku ——a 
NOKasaTeM apHAHOrO KJIHMaTa B 9TO BpemMA Ha PyccKoH mMaTpOpMe OTCyT- 
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sTBy10T. HO Mbl HAXOAMM HX KaK K 3allajly, TaK H K BOCTOKY OT PyccKoii mlat- 
ppl. B Wlotsanquu umewtces TypHelickue runcpi. Io nameomMarHuTHBIM JaH- 
(DIM, 9TA OOACTL WexUT BONU3H 20° oO. UI., KaK pa3 Tam, rye W CAeMOBaNO Opi 
Bee AA STOPO BPCMCHH aPHAHY!IO 30Hy 10x*KHOFO MOymapusa. Ha BoctoKe 
jaMeyaeTCH BTOPaA 30Ha OCANKOB apHHOoro KIMMaTa. K Heil OTHOCATCA rumcbl 
octpoBpa MexyymtapcKoro Ha Hosoli 3emue, runctt u comb B paftone Mccuik- 
yA, THMChI CBUTbI JHmak B Tumananx. 
_ Bropad KapTa (Civeg) CocTaBuleHa JIA OKCKOH HM CepnyxOBCKOli CBUT Bu3seli- 
exoro apyca. IlaneomarHuTHble napasieu 34ecb cMeueHbi Ha 20° K wro-3analy 
flo CpaBHEeHMIO C NepBol KapToi. B nosHoM CooTBeTCTBHH C 3TUM pacnoularalorcs 
H ocaKM — NOKa3aTenu KMMaTa. B Jloneukom Gacceline pasBuTbI yrsmeHocHBe 
TIOKEHAA CCBEPHOH OKPaHHbI IKBATOPUAIbHON 3oHbI. CeBepHad rpaHulla ux 
IpOXOMUT MPHMepHo Mo MaeoMarnuTHomy 15° c. m. Jlanpite kK CeBepo-BOCcTO- 
Ky, Wo 20°, pacnonaratorca OesyroubHble, IpeHMyLeCTBeEHHO H3BeCTHAKOBBIe OT- 
joxKxeHusA. OT 20 2o 32° naneoMarHHHO WIMPOTHI pasBUTLI THNCOHOCHHe Aou0- 
{HTOBBIC OTJOKEHHA, NepexoAsuive Ha CeBepHoi J[pune B runcoBO-JO0MH - 
rOBLIC TOMMM. SOTO ocaqKH CeBepHoli aPHAHO! 30H. 
| B wavase cpeqHeKaMeHHOYrouIbHOli 3TOXH MpOHCXOAMT, MO-BAAUMOMY, O6- 
JaTHOe CMelleHHe reorpadwyeckux napaseneii. [laneomarHuTHBIX jlaHHbIx 
Wid STOrO BPeMeHH y Hac MOKa HET, HO KapTa qhallui OaliKupcKoro sApyca mo- 
<a3bIBaeT MOUTH MOIHOe HCYe3HOBEHHE JOJIOMHTOBBIX OCaXKOB C TeppHTOpHH 
WaTPOpMH UW 3HaYHTeIbHOe MPOABHKEHHE YIVICHOCHbIX OTJIOHKeHHH K CeBepo- 
gocToky oT J[onel{Koro OacceliHa B HampaBJieHuu K CapaToscKomy [loBo.mxKbyw. 

TlaipHeniian HCTOpHA cpeqHe- H BeEPXHEKAMEHHOYFOJIbHBIX 3TIOX YKa3bIBaeT 
4a BOSOOHOBJICHHe CMeleCHHA KJIMMaTHYCCKHX 30H K J0rO-3allayy. Ognako u B 
BepxHeM KapOoue (KapTa C3) maJieOMarHHTHble MapaJwieIH MW rpaHHllpl KJIMMa- 
THueCKUX 3OH HE JOCTHIIM elle TOrO MOJIOHKeHHA, KOTOPOe HaGJOalOCcb B 
KOHIe BH3eHCcKOrO Beka. B J[oHOacce pa3BUTbI yrIeHOCHbIe OTJIOXKeCHHA JKBA- 
fopHasibHOH 30HbI. B Cpequem u Bepxuem IJoposmkbe pacnpocTpaHeHbl mpeumy- 
MeCTBCHHO H3BCCTHAKOBbIe OTJIOKeHHA, a K CeBepy OT Bovirm, ceBepHee MAT- 
4alWwaToH MasleOMarHuTHOH MapaJwietu, WHPpOKO pa3BUTbI OCaqKH CeBepHok 
aPHAHOK SOHBI: PHNCOHOCHDIE JOJIOMUTHI, Nepexoaauine B IIpHTHMaHbe B rumco- 
30-JJOJIOMHTOBbIe TOUT. 

C mepexojiom K CakMapcKOMy BeKYy HWKHel NepMu (KapTa Pys) mponcxo,ut 
lasbHetmlee CMeleHHe MaleOMarHUTHOH CeTH K 1ro-3amaly eme Ha 9°. MW onaTh 
8 MIOJIHOM COOTBeETCTBHH C 9THM pe3KHM CMeUeHHeM MaJleOMarHUTHbIX MapaJ- 
Tele pacnOvlararTcaA u KMMaTHYeCKHe 30HbI. OT JlonOacca, JexKaBulero Tora 
4a 16° cc. m., 20 Tumana, pacnosarapulerocsa Ha 33°, pasBHTbi PHIICOBO-JO0/IOMH- 
‘OBbIe OTJIOXKEHUA, MeCTaMH TepexolsAHe B COIeHOcHBIe. 3a THMaHOM, MexKy 
33 u 40° mameoMarHUTHOH C. II. THMCOHOCHOCTh HC¥e3aeT; JOJIOMHTbI CMEHAIOTCH 
i3BeCTHAKAMH. Bo3MoxKHO, TO 3JeCb yXKe CKAa3bIBaeTCA BIIMAHME CeBEpHOH yMe- 
MCHHOH BJIaxKHOH 30HbI. 
 B kKyHrypckuit BeK nMameoKuMaTH4ecKas OOcTaHOBKa MaJIO MeHseTCA. Ce- 
sepHad TpaHuila FHMNCOBO-JOJIOMHTOBLIX TOJIUL — MoKasaTeneH apHHOH 30- 
[bl — H€CKOMbKO cMelaeTca K ceBepo-BocToKy, B OacceliH p. Ilegoppi. Ho p 
fonapHoM IIpuypambe NoABIAIOTCA YyIJIeHOCHbIe OTJOXKEHHA, YTO CBHETEJIb- 
TByeT O IIPOHHKHOBCHHH B 3TOT palioH CeBepHOH yMepeHHOM TyMHJHOH 30HbI. 

B ydumckuli Bek (Kapta P,uf) yraeo6pa3s0Bpanue 3ecb yCHJIMBaeTCA, a ce- 
‘epO-BOCTOUHAaA PpaHHlla FHMCOHOCHBIX OTJIOXKeHHH, MO CpaBHeHHIO C KYHTyp- 
KMM BeKOM, He€CKO/IbKO cMellaeTca K 1oro-3analy. Ilomom*weHHe MaleoMarHHuT- 
(bIX HapammeneH aHaorM4Ho yCTaHOBAeHHOMY JWIA CaKMapcKoro Beka. [un- 
OHOCHbI€ OTMOMKeHUA — MOKa3aTeIH apHAHOM 3OHbI — pacromaratwTes MexKy 
8 u 35° namneomarHuTHOH c. Ul. 

iB Ka3aHCKHit BeK (Kapta P,kz) KaMMaTH¥eCKHe 30HbI HM Ma/leOMarHUTHbIe 
(apasIeIM pe3KO, HO BIOHE COrMacHO IpOABHHY Cb K Wro-3allally MpHMepHoO 
‘a 6—7°, Cepepo-BocTouHad PpaHHla FHMCOBO-OOMHTOBLIX OTJOKCHHA HET 
'C. J[Buubi, a cepepHee, 20 TuMaHa, pacliomaraetca TMooca MpeMMylllecTBeH- 
‘oro pasBuTHa usBectHakoB. Ha toro-BocTOUHOM MIpOsOJDKeHHH TocmeqHeH, 
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Pue. 1. Pycckaa natpopma B kapOoue H mepMH. 7 — yraeHocuple oT- 

J1O7%KeHHA, 2 — OOKCHTHI, 3 — MOUIHBIC JONOMHTHI, 4 — FHIMCOBO-JOJIOMH- 

TOBBIC TOJILMH, S—COJICHOCHBIE OTJIOXHKeHHA, 6 —PHMCOHOCHbIe KpaCHOUBer- 

Hble OTMO‘wKenHsA. JL Cyve H C3 — KOHTypbl PopmauHi no B. M. Tlos- 
Hepy, aia Pys —no B. J. Hanuskuny 


TomtoulypMbl, a Take B [Iputumanbe otsaraiuch yran. Mounoe yraenakon- 
HHe MpOuCXoAHIO B MOApHOM IIpuypambe (yrau meyopcKoi cepun). Bce sto 
Ka3bIBaeT Ha 3HaYHTebHOe MpOABUXKeHHeE CeBepHOH yMepeHHoli ryMHHON 
HbI K 10ro-3anayy. CeBepo-BocTouHad rpaHHia THMCOBO-JOMOMHTOREIX TOJILLL, 
BIAIOUAXCA MOKASATeEMAMH APHAHOTO KJIMMaTa, CMeCTHJIaCb IIpHMepHoO Ha 7” 
oro-3allayly NO CpaBHeHHlO C ee NOOxKeHHeM B KyHrype. Ha crombKO xe CMe- 
CTH1acb MU ceBepHad rpaHuia com. Pesko cmeljaeTcs B oro-3allaqHOM HarpaB- 
eHUM MW 1OKHAA TpaHHlla pacipocTrpavHeHuA TasOreHHbIX OcayqKOB. Ou WH- 
poko pacnpoctpanensi B Ilonpme u [epmanuu, rye B HwKHeli MepMu OTuara- 
\WIMcb elle OeccomeBble OTMOX%KeHHA KpacHoro WexHA. Ilomoca oTMO*KeHHL Tao- 
TeHHbIX NOpo B Ka3aHCKHH BeK, MO MaJIe@OMarHHTHbIM JaHHbIM, Mpoxoqusaa 
| ee 17 w 35° c. Ul., T. €. Ha TeX 2Ke WIMpoTax, 4TO M B CaKMapCKUli BeK, HO 
TH IWMpPOTbl 3HAYHTeIbHO CMeCTHJIHCh K Joro-3aMayly. 
_ B Haase TaTapcKoro BeKa MomO*KeHHE KJIMMATHYeCKUX 30H Hi MasleOMarHuT- 
HbIX MapamereH COXpaHH0cb MOUTH HeH3MeHHBIM. [paHulbl pacmpoctpaue- 
HHA THMCOHOCHbIX OTJO%KeHHH B HH3aX TaTapcKOorO Apyca MOYTH aHaJOrHuHbl 
OMIOJaBIIMMCA B Ka3aHCKHX OTOKeHHAX. OzHakO Mo3qHeTaTapcKoe BpeMx 
apaKkTepH3yeTCA HOBbIM 3HAYHTeIbHbIM CMeLICHHeEM MaJIeOMarHHTHBIX Mapau- 
ee K 1oro-3alayy MpHMepHo Ha 5°; B MOJIHOM COOTBETCTBHM C 3THM 30Ha PHII- 
ane OTJOMKeHHH yKe yXoAUT c TeppuHTopuu PyccKow mamatdpopMut. 

Ha BceX pacCMOTpeHHbIX KapTaX BHJHa 3aKOHOMepHad TIpwypoueHHocTS 
OcaqKOB — WHAMKaTOpOB KMMAaTHYeCKHX 30H K oOMmpeyeeHHbIM mNameomar- 
HUTHBIM MapaieiAM. OTOxKeHHA, XapaKTepHble WIA MpH9KBaTOPHaJbHOH Ty- 
MHJHOH 30HbI, Bese pacioularatoTcaA Mex AY 9KBAaTOPOM 4H 15 “ c. 1., YTO XOPOIUO 
‘cormacyeTCA C COBPeMeHHbIM MO/lOx%KeHHeEM 9TOH 30HbI. Ocak — MHANKaTOpbl 
‘A@PpHAHOH 3OHbI B OCHOBHOM pacmpocTpaHeHb! Mexay 15 u 35°, 4To coBmayaeT Cc 
NMOMOXeHHEM COBPeMeHHOH 30HbI IycTbIHb BC. AdpuKke wu Apasuu. Yraenocuble 
‘OTJOXKEHHA CeBePHOH TYMHAHOM WIM yMepeHHOH 30HbI B OCHOBHOM  pacmoua- 
Taiotca oKkom0 40° c. wl. H K ceBepy oT Hero. IIpoucxoyamee OT BeKa K BeKY 
CMelleHve KJIMMATHYeCKHX 30H HJeT B MOMHOM COOTBeETCTBHH CO CMelIeHHeM 
MaJl@OMarHHTHBIX MapasseneH. Nopowlee copmawenue KAMMATHYeCKHX H Maweo- 
MarHHTHbIX JaHHbIxX, HaGwlOaeMoe Ha BCeX KapTaXx, YOEAHTebHO MOKa3biBaer, 
uTO cBOedOpasHe pacnpeyeeHHA K/IMMaTHYCCKHX YCJIOBHH B pa3sJIMYHble BeKa 
KapOoHa HM MepMu ObIIO CBA3AHO, B MepBylo O4epesb, C Namteoreorpaduyeckoii 
IUHpOTOH paccMaTpHBaeMoli TeppHTOpHH, a MHrpallMA KJIMMaTHYCCKHX 30H 
TakoKe B OCHOBHOM olpesesAacb CMelleHHeM Masleoreorpapuyeckux Mapaid- 
ene. CocTaBJIeHHbIe KapTbl MO3BO.IA10T BLIABHTb OCHOBHbI€ XAPpaKTepHble YepTbI 
sToro mpoecca. Pesko NOMHHUpyeT TeHJCHILHA K CMellleHHIO reorpaduyeckHx 
Tlapaieled B HallpaBeHHH Cc cCeBepo-BocToKa Ha 1oro-3anay. CyMMapHblli 
pe3yMbTaT STOO CMeULeHHA OT TypHelicKoro BeKa JO BepXHeTaTapCcKoro Bpe- 
MeHH mpeBpiitaeT 30°. Ho ckopocTb CmeuleHuA Oplla HepaBHOMepHOH. B HeKO- 
TOpble OTPe3KH BPeMeHH OHA BeCbMa 3HAUHTEVIbHAa (B BH3eHCKUM BeK 20°, nepey 
CakKMapCKHM BeKoOM 9°, nepe Ka3aHCKuM 7°), B WPyrux xe HeBeHKa. Muorsa, 
T0-BHAMMOMY, MpOHCXOAHJIO CmMeueHHe reorpaduyecKHX WIMpOT WH B OOpaTHOM 
HanpaBeHHu (Ha¥aO cpelHero Kap6ona). Bo3moxKHO, 4YTO 3TOT Mpollece BOOO- 
ule UMeJI KOJIeOaTeJIBHbIN XapakTep. 

VM3n0x%KeHHble MaTepHaibl NOSBOJIAIOT CUNTATb, YTO CMellleHHe reorpaduye- 
CKUX WUPOT MpoucxosMO HE TOIbKO Ha rpaHHllax Me*KAy KadleqOHCKuM, Tep- 
IMHCKHM M aJIbIIMiiCKUM ILMKJlamMu, 4TO yOeuTeIbHO OOocHOBaHO H. M. Crpa- 
XOBLIM, HO SABJIAIOCb MOCTOAHHbIM (aKTOPOM reoJIOrM¥eCKOH MCTOPHU, Cyule- 
CTBEHHO MIPOABJABIIMMCA OT BeKa K BeKY HM jlaxKe BHYTPH OTeJIbHbIX BEKOB. 
SToT PakTOp Hme oyeHb BarKHOe, HHOrLa onpeyedmioulee 3HaYeHHe ji H3- 
M€HEHUA MpOleccoB oCalKooOpasoBaHHA, IA PasBUTHA OpraHHyecKoro Mupa 
Ww CMeHbI KOMMIeKCoB (payHpl HU tploppl. M3syyeHue BCex STUX mpo6sem B cBeTe 
MurpallMM reorpaduyeckux Mapaeiel, BepOATHO, MOMOMKET OTKPbITh MHOFO 

OBbIX MHTepeCHbIX 3aKOHOMePHOCTel. 


_  Beecowsupiii nebravol HayuHo-HccleqoBaTebCKHii Tlocry muui0 
reoloropasBeOuHbI HHCTHTYT 11 VIII 1960 
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Jloxsaypn Akawemuu NayK CCCP 
1961. Tom 137, Ne 4 


M. H. UYPAEBA 


OPHOBAUKCKHE OTJIOKEHHS CEJIEHHAXCKOPFO KPSA)KA 
(IIpedcmaeaeno axademuxom H. C. Iameckum 4 VII 1960) 


CeJleHHAXCKHH KPAXK, PaCHOJIOWKeHHBIN Ha MexKypeube pp. Appr wv MxHAn- 
rHPKH, MpeACTaBJIAeT OHY U3 HanOoJIee CeBepO-3analHbIX CTPyKTyp 3amaqHoro 
o6pamsieHus Kovipimckoro cpeqHHHOrO maccuBa (°). 3fecb mMpoKoe pa3BuTuel 
HMe€IOT TaJleO3OHCKHe OOPasOBaHHA, JO MOCeqHerO BPeMeHH UpesSBEMaHH 
cja6o u3y4eHHbIe. OpsoBuKCKaA cayHa B CeJIleHHAXCKOM KpsKe BepBbIe Opa 
HalieHa B 1945 r. B. A. [I]porononoppim, HO OPAOBHK CTaJI BbIZeATbCA Ha reo- 
JIOrHYeCKHX KapTaX JIMub C 1955 r. Tleppyro cTpaturpaduyeckyto Cxemy AWA 
OPMOBHKCKHX OTJO*KeHHH npelioxua T. A. Tpe6enHukop (*) mocsie pa6or 
1958 r. 

B pesyJibTaTe m0JleBbIx pa6oT B 1959 r. B CemeHHAXCKOM KpA2xKe HaM yAa- 
10Cb Ooslee MOAPOOHO pacueHHTb OPAOBHKCKHe OTJOKeHHA U COOPaTb MaTe- 
pHa, MOSBOJIAIONLMH COMOCTABHTb 3TH Paspe3bl C PpaspesaMH APYyrHX Masleo3soi- 
CKHX CTPyKTyp CeBepo-BocToka CCCP. Co6paHubie BO BpeMA TMOJIeBLIX padoT 
OpaxHOnosbl onpexeiAIuch X.C. Po3man (Teonornyeckul uHcTATyYT AH CCCP), 
ocTpakoapt — A. B. Kanpirunprm (MocKkoscKuii yHuBepcuTeT) Mp KOHCYJIbTa- 
uu B. MW. WBanosok (Ilaneontosoruyeckui unctutyT AH CCCP), HayTusion- 
gqeu — 3. T. Banamossmm, kpnHouyzen — P. C. Eatennmesoi, racTponogp — 
B. A. Boctokosoi, rpantomutTpr — A. M. Odytom (JlenuurpacKu yHuBep- 
CuTeT), TPHJIOOHTEI — aBTOpoM. 

[lo meKuM NpHTOKam p. TappiH-lOpsx, Bnagaiouleli cupaBa B p. YAHAMHY 
(JleBbIi IPHTOK p. Mu_HrupKu), NopoxL OpsOBuKa, umes OOmIee mpocTupanne 
300—330°, lalaioT, Kak mpaBHJIO, NOL yruiamu, He npeBpiawoulamu 30—40°. 
HanOoulee peBHHne OTIOKenuA, BbIeeHHbIe T. A. [pe6enuukoppim (°) Kak 


CEKARCKYRCK AA CRATaA ome Ppa3BHTbl B BepXOBbAx pp. Yura 
u CekjleKyH. SjeCb OHH NO pa3pbIBHOMY HapylleHvi0 KOHTAKTUPyIOT C MOpo- 
aMH, OTHOCHMbIMH K JOKeMOpHio. CekyekyHCKaad CBHTa CJIOKeHA MaCCHB- 
HBIMH M TOJICTONJIACTOBBIMH H3BECTHAKAMH, JIA KOTOPbIX Tr. A. [pe6ensnkos. 
(?) yKa3prBaeT NIPHCYTCTBHe OPHOBUKCKHX HayTHIONZeH. B HEKOTOPHIX paspesax 
9TOH CBHUTbI yaJlOCb HaHiTH OOJIOMKH TPHJIOOUTOB OpOBUKCKOrO O6MHKAa. Motl- 
HOCTb CBHTbI WocTHraetca 1650 m. 

Yuruuckasx cBuTa (O;"), Boenennan IT. A. Ppe6ennukosnim, 
CBA3aHa C HMKeJexK allleH MOCTeNeHHBIM Hepexogom. B BepxoBbAx p. Yura CBUTY 
cylararor: 

1. Ceppie riMHuCTbIe Caa6omecuaHucTple H3sBecTHAKH C Loganopeltis sp. 
indet., Biolgina sp., Protopliomerops sp., Kawina? sp., Asaphidae u TOHKOo- 


peOpucTEIMH OpaxuonoyqamMH..... , ..... . Momuxoctp 10—15 u 
2. S3e/leHOBAaTO-Cepble PIMHHCTHIC CHJIbHO " pack JIMBa>KH POBAHHBIC CJIaHIbl C 
HIPOCJIOAMH H3BeECTHAKOB .. . . ..... .  Mompocts 150 m 


3. UepHble TOHKO-JINCTOBAaTHIe " A3BeCTKOBO- TIMHHCTbIe CaHItbl . . 
Beye aeale edieetacln .. 33 Momtuoctn 100 M 

4. Temio- -ceppie ClaHIbl Cc penkumn “‘Tpocsioamn M3BeCTHAKOB. . . 
MoulHOocTb 195 M 
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5. TemHo-ceppie (yJJIMTOBHAHbIe =CulaHib ... Momnocts 250—300 m 

CyMMapHaaA MOIWHOCTh YHrHHCKOH CBHTbI yocTuraeT 700 m. 

YHIBHCKYy10 CBHTY, MO-BHMMOMY, CJ1eLyeT OTHOCHT K HW2KHEMY OPAOBHKY, 
NOCKOJIbKy B Heli BCTPeYeHbI THIHYHbIC HHIKHEOPJOBUKCKHe TPHJIOOUTHI, 3a 
MCKJIIOYCHHeM IWMPOKO pacmpocTpaHeHHbIX BO BpeMeHH a3adua. K Hu3aM 
HYKHEFO KE OPAOBUKA CeyeT OTHOCHTb H Ce€KJ@KYHCKYIO CBUTY, HOCKOJIbKy 


Cpe YHIMHCKHX TPHOOHTOB HeT (POpM, THNMYHDIX JIA CaMbIX HH30B Opjo- 
BuKa. 


Cpequvi opyosnk B CevleHHAXCKOM KP92Ke PaSBUT HeECpaBHeHHO WIMpe, Vem 
‘HIDKHMI, ero MOCBHTHOe pacuyieHeHHe WIA 3THX paspe30B 3flecb aeTca 
-BIIepBBIe. 


| Taphiniwpaxckasn cpurta (O%") 3aneraeT cormacHo Ha HMKese- 
W*KailleH; HavOoJee NOH paspes ee HaGOJaIca no p. Yure, rye Bbllle yep- 
HBIX CaHWeB YHTHHCKOit CBUTHI 3aueraior: 


» 1. Cepnie TocTonaactoppie, yepelyioumecss mexKAyY Co60I0 O60MOUHEIe, 
' ° . . « e 

mecuaHucTbie WM MMIMHUCTHIe M3BecTHAKH Cc Pliomera fischeri asiatica var. n., 
Eorobergia rara sp. n., Eor. tscherskyi sp. n., Isotelus sp., Ceraurinus puncta- 


a Souamepecalliops:sp. indet.............. . Mommuocrs.200.™ 
® 2. Ceppie rumuucTnie uspecTHaknH ........... Mouuocts 215 m 
: 3. Cepple JOJIOMHTH3HpOBaHHble W3BeCTHAKH. . » ... . Monnocth 30 mw 

4. Ceppie rIMHHCTBIe uM 3epHNCTHIe H3BecCTHAKH .... MoutHocTp 120 m 
_ 5. Senenospatie meprein ... . ....  Momroctp 50 
\ 


6. Cepble OpraHoreHHo-oGJIoMouHBIe H3BeCTHAKH C Isotelus longus sp.n., 
Pliomera fischeri asiatica var. n., Pentagonopentagonalis ex. gr. tridens 
Jelt., Lenorthis bifurcata sp. n., Rostricellula sulcata sp. n. u paspo3HeHHBIMu 
CTBOpKaMH OCTPaKO, NpHHalwexkauiux HOBOMy pony... . . MornjHoctp 15 w 
_ 7. Ceppie W3BeCTHAKM C pa3po3HeHHbIMH CTBOpKamH Schmidtella . } 
| Pets Pr meee OLE ON Gla 2 Gh tMommoeérs 1D mm 

O6uaA MOULHOCTh TapbIHIOopAXCKOl CBUTbI B paspese mo p. Yura cocTas- 
aiset 670 m. 
| Tlo p. Bonubemy pa3pe3 cBuTbI nocTpoeH O4eHb CXOMHO, a K MepeyHcueH- 
HOMY KOMIIJieKcy mpHcoequusroTca Pliomerops ungensis sp. n., Pentagonopen- 
tagonalis mirabilis Jelt. Bpjepxusaetca crpoenve paspe3a 3TOli CBUTHI HM m0 
p. Kampman, rye coOpan TOT *e KOMMIeKC cpayHbl. 


’ 


| Bonuuuckas cButa (O's") HaGmoganach mo p. Yure, re BEE 
CepbIX H3BECTHAKOB TAPbIHIOPAXCKOM CBUTHI COriacHO UM 6e3 CyleqOB MepeppIBa 
3alerayor: 


» 1. SeaeHospato-ceppie (busJINTOBHAHbIe ClaHipl. ..... . Montsocth 90m 
2. Ceppie u3sBectHaku c peqkumu Asaphidae u Pliomera fischeri asiatica 
eeree se he a. Mommocrs” 30) ar 
3. V3BecTKOBO-rIMHHCTbIe CIaHIbl H H3BecTHAKH .... Mowlnoctn 180m 


4. 3eneHopaTpie CaHIbl C MpOcJIOAMH OpeKYHeBHHbIX W3BeCTHAKOB . . 
ee ek ee ee Mompocrs” 40 ar 
5. Cpetupie nemuTomopdupie u3BecTHAKH Cc Egorovella compacta V. Ivan 
lle ll le aaa ae ee MouHoctb 60 
6. Tamnuctpie cBeripie meiuTOMop@uble u3BecTHAkH . . MortHocts 65 m 
7. TlenuTomopdupie u3BeCTHAKH C TOHKHMH TIpOCOsAMH OpraHoreHHOOGuJO- 
MOUHBIX pasHoctelt u c Egorovella compacta V. lvan., Tetradella maslovi 
ho ire mee ecsnmcm anion aoc ep MOIOCTE BLOONS. 
Bpnuesexaune COH BOJIUHHCKOl CBHTDI nO p. YHre Cpe3aHbl Pa3JIOMOM. 
MoUHOCTh CBHTbI B 3TOM paspe3e ZocTuraeT 500—600 m. CxogHo mocTpoex 
Daspe3 CBUTBI no p. Bomubemy, re B ero Bepxax BbileJAeTCA 200-meTpoBaxi 
qau4ka CBeTJIbIX MeJIMTOMOPPHbIX H3BeCTHAKOB C Remopleurides sp. Illaenus 
sp., Isotelus sp., Egorovella defecta V. lvan., Eurichilina sp., Trilobella. 
sp. n., Leperditella sp. n. Bum3kuii KommieKc OCTpako BCTpedaeTCA B paspese 
B014HHCKOH CBUTHI NO p. Kasay. 
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KanmbuaHcKacvA CBUTA oOeF) HaOwlOfalach JMib mo p. Kaupi- 
yaH, Tye BbIMe PIMHMCTbIX H3BeCTHAKOB C BOJIYHHCKHMM OCTpakojlaMu 3aJe- 
rarorT: 

1. Ilnutuatpie W3BeCTHAKH C OCTpaKOJaMH, IpefcTaB/IeHHbIMH HOBbIMH BH- 
iamu pogos Leperditella, Tetradella Egorovella u Opikina sp., Orthis sp., 
Stropliotriéna ‘sp... s,s en Mompoctp 60 m 

9. Maccupuble cepble H3BeCTHAKH 2... . . . . ~~. . Montnocts 350 Mm 

3. Uepnble MiMHucTbIe H3BecTHAKH Cc Calliops sp., Ceraurinus sp., Opikina 
sp. I, Opikina sp. II, Strophomena sp., Tetradella sp., Eurichilina sibirica 
V. Ivan., Ionesites sp., Hormotoma gracilis (Hall), Pentagonopentagonalis 
omulevkiensis Ielt., P. oranensis Jelt., P. oradovskajae Jelt....... 


OOuladt MOWLHOCTh KaJIbluancKO CBUTHI 10 p. Kambraan 550 M, ofHako BepxH 
paspe3a CBUTbI Cpe3aHbl pa3sJIOMOM, HM ee MOHaA MOU[HOCTb HeM3BeCTHAa. 

ChauancKkan cButa (O*") caoxwena vepHbIMH TMHMCTHIME 
caantiamu c Dicellograptussp., Climacograptus bicornis (Hall), Glossograptus 
sp., Cryptograptus ex gr. tricornis (Carr), Orthograptus ex gr. calcaratus 
(Lapw.). 

OrloxKeHHA STOM CBUTbI pasBuTbI no p. CrlayaH-HaHya B BAe OTIeJIbHbIX 
oOHaKeHHH, He CBA3AHHBIX C OOMLHM pa3spe30M OPAOBHKa, HM JIMUIb KOMIJIeKC 
rpalTOJMTOB MO3BOAeT MOMelLaTb ee B BepXH CpefHero opfoBuka. Busumaa 
MOULHOCTh CbIavaHCKOH CBUTBI 10 p. CrlayaH-Hanya cocraBaseT 15—20 m. 

Boslee MOJOAbIe OTIOXKeHHA OPAOBHKA B H3YYeHHOM paHoHe He ycTaHOB- 
J@HBI. 


TakuM o6pa30M, pa3pe3 OpoBuKa B CeseHHAXCKOM KPA%Ke CJOMRKEH B OCHOB- 
HOM KapOoHaTHBIMH, perkKe CJIaHWeBbIMH MOpOaMH, MO MONLHOCTH MpeBbiilato- 
uuimMH 4000 mM. CraHieBo-KapOoHaTHbli THI paspe3a 4upesBLI4aHHO XapakTepeH 
HU jJIX OPpMOBNKa Apyrux cTpykTyp 3amazHoro oOpamienusa KospimcKkoro cpe- 
MHHOrO MaccuBa (OmyuieBcKue roppi (7), xp. Tac-xasaxtax (')), € KOTOPbIMH OH 
MOKeT ObITb JIerKO COMOCTAaBUJIeH. 

Tak, CbiauaHCKasl CBUTa, CJIOwKeHHAaA B CeJieHHAXCKOM KPAxKe PpalnTOMHTO- 
BbIMH CJiaHWaMu, MO rpanToHTaM ComocTaBJIideTCA C XAPKHHIXKMHCKON CBATON 
OmysJieBCKUX Trop H xp. Tac-xaaxTax, Me OHa JIHTOJIOPM4eCKH upesBbiyaHHO 
CXOJHO MocTpoenHa. 


KasbluaHckasl CBUTa COfepxKUT B BepXHel uacTH Ceraurinus sp., Calliops 
Sp. 4, OM3KHX K BCTpeyaloulHMCaA B apnupckKoH CBHTe OMyJIeBCKHX Top. 

KpHByHCKad H MOKPHHCKas CBHTbI B OMyJleBCKHX Topax OXxapaKTepH30- 
BaHbl B IlepBOM CJly4ae rpalnToJMTaMU, BO BTOPOM — OpaxHorofaMH, B TO BpeMA 
Kak B CeJleHHAXCKOM KPsA2Ke HH3EI KaJIblYaHCKOH H BOJIMMHCKOH CBUT, KOTOpBbIe 
MOrIM Obl HM COOTBeETCTBOBaTb NO BO3paCTY, OXapaKTePH30BaHbI OCTpakoyamu 
H TpHJOOHTaMH. SHayHTebHO OobIe OOMIHX COpM BCTpeyaeTCA B TapbIHIOpAXx- 
CKOH HM CH€HCKOM cCBHTax; cpefqu Hux Pliomera fischeri asiatica var. n., 
Pliomerops ungensis sp. n., Eorobergia rara sp. n., Eor. tscherskyi sp. n., 
Ceraurinus punctatus sp.n. H HekoTopble pyre. )KyHpckaa CBHTa, CJIO%KeH- 
Had B OMYJIeBCKHX TropaX TJIMHHCTBIMH MOposaMu Cc rpanTOAMTaMH, BOSMOXKHO, 
COOTBETCTBYeT HH34M TapbIHIOPAXCKOM CBHTHI. 

Cpequ Tpui06uToB yHruucKolt cBuTHt Protopliomerops sp., Loganopeltis 
Sp. i Biolgina sp. BeTpeyatoTesd B XHTMHCKOM cBUTe OacceitHa p. Iubrenyaxk (*). 
CekeKyHCKaal H WHaHbHHCKaA CBUTbI COMOCTABJIAIOTCA YCJIOBHO, MOCKOJIbKY 
HepBasd WasleOHTOJIOrHYeCKH OXapaKTepH30BaHa UpesBbLI¥aHHO cw1a60. 

IIpu cpasnenuu pa3spe30n OmyseBcKux rop H CesleHHAXCKOrO KpsaxKa MOXK- 
HO HaQJHOaTb YMeHbINeHHe POM CMaHIeBbIX MOpok H COKpalleHHe Oosee 4eM 
B 1,5 pasa MoutHocTeli OpfOBHKCKUX CBUT B CeseHHAXCKOM KpsxKe. 

Bmecte ¢ Tem cpeXH TpHOOUTOB UW OCO6eHHO CpeAM OCTpako, Ha CeBepO-BO- 
cTOKe MOABJIAeTCA PAL (OPM, OAM3KHX WIM TOXKMeCTBEHHHIX K BCTPewalollHMcA 
B OpoBuKe CHOupcKoH miaTiopMbl, 4YTO JeMaeT BOSMOXKHBIM COMOCTAaBeHHe 
9THX JBYX KPYIHBIX pervoHoB. B yuruucKol CBuTe NMoABAAeTCA pox Biolgina, 
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apakTepHbIM JIA 4“yHbKOrO Apyca Cu6upcKo maatdopmpt. B cHeHcKOi CBAT 
yleBcKUX rop — Pliomerops siensis sp. n., He OTMHMUMMbIH OT CHO“pcKoro 
Wa W3 KPHBOJYyWKOrO Apyca, onpesesenHoro Kak PI. aff. canadensis (Bill.). 


KPHBOYUKHe OcTpakombl. Kabryanckan cBuTa cofxepxuUT Eurichilina sibirica 


: Lao awnings 4 
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V. Ivan., XapakTepHylo0 21H BepxoB KPHBOJIYWKOrO Apyca HW HH30B MaHraseli- 
eKoro, H Jonesites sp., H3BeCTHOrO H3 HH30B MaHraselickoro apyca. B Omyses- 
CKHX TOpax B JapnupcKoH CBHTe MOABIAIOTCA MaHra3selicKHe Monoracos, Calli- 
ops sp. L. & HekoTopble Apyrne. 

ConocTaBileHHe opfoBuka CejleHHAXcKOrO KpsxKa C ApyruMH pa3spe3amMu 
_BHHO u3 Taba. 1. 


TeomornyeckHiit HHCTHTYT Ilocrynuio 
AkajlemHH HaykK CCCP 23 VI 1960 
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BOJIMMHCKOM CBUTe WMpoKoe pacmpocTpaHeHve uMeloT Egorovella compacta : 
. Ivan., pasHopuyHoctu Tetradella maslovi V. Ivan. u HekoTopple Apyrue ~ 
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Jloknaynp Akagqemun nayk CCCP 
1961. Tom 137, Ne 4 


PHAPOLPEOAOFH A 


B. H. KOPLLEHLITEHH 


K BOMPOCY O NPEJEJIBHOH KOHWEHTPALMH PACTBOPEHHbIX 
YIJIEBOJOPOJOB B MOJ3SEMHbIX BOJAX MEJIOBbIX TOPH30HTOB 
MPEAKABKA3bS. B CBA3H C OLWEHKOM MEPCHEKTHB 
HE®TEFA3OHOCHOCTH ME3030HCKHX OTJIOKKEHMH 


(IT pedcmaeaeno akademuxom A. A. Tpodumyxom 6 VIII 1960) 


B pesysibTatTe jleTasIbHbIX PIYOMHHbIX McCJeqOBaHHA MaTepHasoB 40 pas- 
BeJOUHLIX CKBaxKHH HAMM IIOJIYYeHbI BayKHble JaHHble MO TFa3sOHaCbIIIleHHOCTH 
TIOJ3CMHBIX BO MeJOBbIX ropH30HTOB []peqKaBKa3bA. DTH TAHHbIe MOSBOJIAIOT 
IIpOMSBeCTH HEKOTOPY!0 OOULYIO OWeHKY BOSMOXHOM MpeebHOK KOHMWeHTpaluy 
PaCTBOPeHHBIX yrvleBOLOPOAOB Ha TulyOuHax NopstKa 2—3,5 kM, re Temmepa- 
Typa Hep 3HayHTebHO MpeBbunaeT 100° (*). Ananus pesybTaTOB ucc/eq0Ba- 
HUA JaeT BOSMOXKHOCTb OMeHUTb TakxKe MepcieKTHBbI He*Terasonocuocry IIper- 
KaBKa3bA H OObACHHTb HEKOTOPble 3AKOHOMePHOCTH Ppa3MeleHHA HeTAHbIX U 
TasOBbIX MeCTOpOx*KeHHH STOH KpylHeliweH HedpTera30HOCHOH MpOBMHILHH. 

CocTtaB pacTBOpeHHHX Fa3zoB. Bob MeOBLIX OTMOKeHHI 
OTJMUAIOTCA Pe3KHM TpeoOsalaHveM PacTBOPeHHBIX yreBozopozos (70—99%), 
Cpe KOTOpbIX COepxKaHHe MeTaHa CocTaBJIAeT OKONO 90—95% u Gosee TaxKe- 
JEIX yruieBogxopoqos 5—9%. Vickmouenne mpeqcraBaser palion Kapka3cKux 
MHHepaJIbHEIx Bo (KMB), B mpemeax ecTecTBeHHOH ero rpaHulp (1° *), qa 
KOTOPOrO YCTaHOBJeHO MOIHOe MpeoOmalanue CO, (99,9%). Asora B Bogax 
MeJIOBLIX OTJOXKeHUH OObIMHO cosepxKUTCA Jo 3—5% (3anaqHoe u BoctTounoe 
IIpenkaBka3be) U JMmb B IenHtpambuom IIpeqkaBka3be 3Ha4HTebHO Gosbue, 
yame Bcero oT 13 go 29%. Bepxunii npefzen cofepwKanuA a30Ta B BO- © 
yaX MeJOBbIX ropH30HToB IlenTpambuHoro IIpeqkKaBKasba JocturaeT 34%. Yrue- — 
KUCJOTa OTMeYeHa BO BCeX TyOHHHEIX Mpodax IpefkaBKasba, CocTaBAA OT ~ 
Joe mpolenta Zo 18% oT Bcero O6beMa pacCTBOPeHHBIX rasoB. | 

Bogbl MeJIOBbIX OTJO*KeHH Boctrounoro IIpeqkaBkasbaA, AIA KOTOPbIX rvlaB- 
HbIM KOMIMOHEHTOM ABJIAIOTCA YIIeBOLOpOAb, OObIYHO OTIMYAaIOTCA HaHGoulee 
BbICOKHM COjlepsKaHveM yrviekucJioro rasa (12—18%). Ha stom coue na6mosa- 
IOTCA HeKOTOpble HHTepecHble HcCKJOYeHHA. Tak HampumMep, Ha UkanoBcKoM 
NOAHATHU, Ppannuautem c IIpackoBelickum (re ycTaHOBseHO OKONO 16—18% yr- 
JICKUCJIOTHI), 3a:PHKCHPOBaHO MOUTH MOMHOe OTCYTCTBHe KaK YIJleKHCJOrO raza, 
TaK WH a30Ta, COCTABJIAIONMX NOI mpollenta. CoxepxaHve yrueBooOpoqoB Tam 
*Ke CocTaBAeT OKONO 99%. Cpequ peqKHXx ra30B ycTaHOBeHO HaJIMuHe rena 
WM aproHa IIpHMepHO B paBHbIX KOJIMYeCTBaXx, He MpeBbimaiomux 0,1%, HO uame 
BCero BapbUpyIoulUXx B npefetax 0,02—O,08%. Pe3ko NOBbIMeHHbIM comepxKa- 
Hem remua (0,64%) oTHUaIOTCA BOJbl HHYKHEMeJIOBLIX OTJOKeHU PoBHeH- 
ckoro ToyHATHA (pation HeBMHHOMpICcKa). ITOT paiioH TecHO IIpHMBIKaeT K pa- 
Hee BbijeJieHHOK HamMH UepkeccKo-@poJoBcKOH 30He TeJHeHOCHBIX a30THO- 
YIvI€KMCJIOMeTaHOBBIX Boy, (1). 

Taso0HacbhimeuHue. Han6onee HacbilleHbi yruieBoopoxaMu BOJbI 
MeJIOBLIX OTIOKeHHH SamagHoro u Boctounoro IlpeqkapKaspa. Bonee Hu3Kue 
KOHIeEHTp alu OObIUHO XapakTepHbI via Lleatpanbuoro IipenkapKasba. Tak, m0 
JaHHbIM PlyOMHHBIX Npoo AA Sanannorol IpeqkKaBKasbA PasoHacbilleHHOCTb BOI 
nocturaet 2000—3000 uem?/.1, 11 Boctouxoro IIpeakaspKkaspa 2000—4000 xem?/a1, 


162 


a fia Llentpapuoro [lpexxasKa3ba 500—1500 ucm®. UcKkmtouennem ABJIAIOTCA 

KJIOHbI CTaBpONOJbCKOO NOAHATHA, MpHMbIKaronulHe K 3amayHomy Hu BocTouHo- 
my IIpeqKapKa3b10 (PacutepatcKoe u CeBepo-HarytcKoe NoxqHATHA), Te Tra30- 
HaCbIINLeHHe BO, MeJIOBbIX OTJOXKeHHH BoctHraeT 2100—2900 uem?/i. 


Craannoq2,, Kpacumii Cyann Lum aanckoe [-] 
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Puc. 1. CxemMa pacnpefeieHHaA aBJIeHHH HaCbIL[eHHA B BOMaX Me@JIOBbIX TOPH- 
3OHTOB []peqKaBKa3bA. a — CKBaxKHHbI, B KOTOPbIX MpOH3BefeHbl TTyOHHHbIe HC- 
CI@MOBaHHA FasOHACbIIeHHOCTH BO], HHXKHeMeJIOBOrO (CKB. 6e€3 HHJeKCa) H BepXHe- 
Kf Mesioporo Kommsekcos. Ilndppa Haq vepToi — HOMep CKBaxKHHBI, NO yepTou— 
o6mlad yipyrocTb pacTBopeHHbIx ra3op (aTa); 6 — H30JIMHHM OOmeH yimpyrocTH 

pacTBOpeHHbIx ra30B (aTa); 6—30Ha pasBHTHA yruieKHCIbIx Bon KMB; 2— rasoppie 
j 3alexKH; O —Ta30-HeTAHble 3alexKH; € — HeTAHble 3alexKH; WC — CTPyKTYpbl, B 
’ KOTOPbIX He OOHAPYKeHbI 3alexKH yrvIeBoqopozoB 
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Puc, 2. Cxema u30TepM M0 MOBepXHOCTH HWKHETO Mela, a — CKBa2KHHbI,"B KOTO- 
pbIX MpousBeseHbI rIyOHHHbIe 3amepbI Temnepatyp. Iupca Hay wepToH — Homep 
CKBaXKHHHI, NOX yepToli—tTemnepatTypa B rpaflycax; 6 — H30TepMbI NO MOBepXHOCTH 
HWKHeFO Mela; 6— BbICOKOTepMaJIbHble SOHbI Sanaguoro uv Boctounoro IIpenKas- 
Kasba (120—150°); e—usotepma 90°, cooTBeTCTByloljad MHHHUMAJIbHBIM 3HAYeHHAM 
KospHuUveHTa paCTBOPHMOCTH MeTaHa B MlaCTOBbIX BOaxX 


1 Pacnpefetenhoune JaBNeCHUA HACHIMNLCHUA, MOKAasaHHOe 
Ha puc, 1, oTpaxkaeT COxKHbIe BSAMMOOTHONICHHA MexKLy oOuleH rasOHacbILleH - 
| HOCTbIO, MHHepasMsalMel BOL HM reoTepMUYeCKUMH YCJIOBHAMH. Cya m0 ra3o- 
HACBINICHHOCTH, MOXHO ObIIO NOWaraTb, YTO BevIMUMHbI J[aBJICHHH HacCbINeHHA 
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(ynpyrocTH), MpHypoveHHble K paltionam Bocrouxoro IIlpeqkaspKa3ba, OyyT 
6IM3KUMH K MJlaCTOBbIM LaBJIeHHAM. OHAKO, Kak MOKa3avl AHAaJIH3 TEOTEPMHYECKUX 
YCJIOBHH HWKHEMeJIOBOrO BOAOHOCHOFO TOPH3OHTAa (cm. pic. 2), HaM6ovlee m0- 
PPpYXKeHHBIM 4acTAM jlenpeccuii (kak BoctTouHoro, Tak Hu 3Sanaguoro IlpeqkaB- 
Ka3bA) CBOHCTBEHHbI HCKJIOUHTEIbHO BbICOKHe TeMIepaTyPbI, P€SKO TIOBbILMato- 
LHe BeJIHYHHEI KOIPPHUMEHTOB PaCTBOPHMOCTH YyruieBOAOpOOB U B nepByi0 
ovepeb TilaBHOrO KOMMOHeHTA BOJ, MeJIOBbIX OTJOXKeCHMH —metaHa (7), 9To 
IIPHBOAUT K pe3KOMY CHHXKeHHIO JaBJIeHMA HacbILeHHA. Bor moyuemMy wa riy- 
6oKUX JlempeccHi, Mle TeMIlepaTypa BO MEJIOBbIX OT/IO7KCHHH jlocruraeT 120— 
165°, aBseHHe HaCbIIeHHA OObIMHO 34METHO OTCTAET OT IIIaCTOBOrO AaBJIeHHA. 
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Puc. 3. Cxema nepcneKTuB HedbTera3OHOCHOCTH Me3030/iCKHX OTNOXKeHHH TpexKap- 

Ka3bA (M0 RaHHbIM FHAporeosornyecKHX KpHTepHeB). a@ — 3OHbI, MepCieKTHBHEIe 

PylaBHbIM O6pa30M Ha ra3oBble 3a/1e%KH; O—3OHbI, MepCMeKTHBHBIe MpeHMyUlecTBeH- 

HO Ha He*TAHble 3a/1eX%KH; 6 — 30HbI, MepCneKTHBHbIe Ha Fa3z0Bble H HeETAHBIe 3a- 

Jle%KH; 2 — 30Hbl HH3KHX MepCNeKTHB H OecnepcneKTHBHble Ha 3aIeKH yrueBono- 

poop; O—HedpTaAHbie 3alexKH; e@ — ra30-HedTAHBIe 3alexKH; WC — ra3soBbIe 
3alexKH 


TleicTButesbHO, JIA MOMHOFO HaCbILLeHHA WaCTOBbIX BO MpH TemMepatype 
160°, muiacToBom jaBieHuu 350—400 ata u MuHepamu3sauuu 50—70 r/n Tpe- 
6yeTca OKOIO 5—6 JI MeTaHa Ha | a Bogb (*?). Mexay Tem, KaK MOKa3aJIu OTO- 
OpaHHble rIyOMHHble MpoObl pacTBOpeHHOro rasa, ra30HAaCbIIeHHOCTb He MpeBbl- 
uiaeT 4—4,5 JI MeTaHa Ha | J BoybI. Hakonsenve Oovlee BbICOKHX KOHUeHTpallHlt 
PaCTBOPeHHBIX YIICBOLOPOOB B NOA3eCMHBIX BOMaX, MO BCeH BePpOATHOCTH, MO- 
2KeT ObITh CBASAHO C PEAKHMH CJIYYaAMH UCKJNOUNTEIbHO AKTHBHOHM HX reHepallHu. 

OtlleHKa NepcneKTHB He*Tera30HOCHOCTH MeJOBLIX TOPH30HTOB 
[IpeqkaBka3bA MpOW3BOAuTCA HaMH MO PHAporeosorM“yeckHM KpHTepHaM, onpese- 
JISIOULMM (B ycoBusAX [IpeqkaBKa3bA) NOTeHUMaJIbHbIe BOSMOXHOCTH (POpMUPOBa- 
HHA 3aslexKen YrJIeBOLOpomoB (cM. puc. 3). KonewHo, BaxKHOCTb HaJIMUHA JOBY- 
lek (CTPYKTYpbl, KOJIJIeKTOpa) HECOMHEHHA, HO jlJIA paccMaTpHBaemoro pervoHa 
3TO YCJIOBHE HMeeT CMBICJI TOJIbKO IPH HaJIM4HH COOTBETCTBYIONLeH THAporeoxH- | 
MHYeCKOH OOCTaHOBKM — lipefeJIbHO HaCbIMLeHHbIX M MepecbIIleHHbIX a30M NoL- 
3€MHBIX BOIL. 

Jlaa Gombe yacTu TeppuTtopuw Sanaguoro JIlpeqaKaBKasbaA 
reotepMHyecKHe YCJIOBHA (CM. puc, 2) xapakTepH3yloTCA He OYeHb BbICOKHMH 
TemlepaTypaMH, MpHMepHO coBmayaolluMH C MMHAMYMOM KkoddpuitHeHTa 
pacTBOpMMOcTHM MeTaHa (MopsyKa 90°). TeoxumuyuecKkad oOOcTaHOBKa OTpaxKaeT 
3JleCb BbICOKY!0 Ta3OHACHIILEHHOCTh BO], MEJIOBbIX OTJORKeHHH YrieBolopolamMu. 
IIpH sTOM TemnepaTypHble ycvlOBUA, MMHepanH3alua BOA, mM TragoHacbIILeH- 
HOCTbh CO3flaIOT HeKOTOpoOe NpeBbieHHe  aBJIeHHA  HaCbINeCHHA Hal 
MaCTOBBIM laBJIeHHeM, 4YTO OGeCheyHBaeT BOS8MOXKHOCTh WHpPOKorO dop- 
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MHpoBaHus s3aexeli rasa. He ucksmioyeHa TakyKe BO3MOX%KHOCTb OTKPHITHA 
KPYNHbIX HePTAHBIX 3aJiexKel B 30HeE pa3sBHTHA HanOosee BbICOKHX TeMMe- 
patyp. UTo kacaetca natpopMennoro cKJioHa AsoBo-Ky6aHckoit Jempeccun, 
rye TeMlepaTypHble yCJIOBHA yYMepeHHble (C TOUKH 3peHHA MMHUMYMa Koapdu- 
WMeHTa PaCTBOPHMOCTH), TO 3fecb, Gesyc.IOBHO, GyAyT MpeoOsayaTb ra3oBble 
3aI@KH. 

BlhLeutpaabuom II]pexkaBka3be reorepmuyeckne ycOBUA 
OarONpHATHI, MOCKOJIbKY TeMIlepaTypbl He mpeBbuuaioT 100°. Teoxumuyeckue 
YCJIOBHA MeHee OJIATOMPHATHBI: YTa30HaCbIIeHHOCTh HeMOCTaTOUHO BbICOKaA 
(Puac << Pnaact). OTA YCAOBUA MOFYT XapaKTepH30BaTb MaJy1O MepcneKTHB- 
HOCTb paliona. Bmecte c Tem Ha BocTOUHOM cKJOHe LlenTpambuoro [IpenKaB- 
Ka3bA HaG/OMaeTCA CYULECTBEHHbIi POCT LaBJICHHA HaCHILLeHHA B BOCTOUHOM Ha- 
TipaBJIeHHH H TpHOwIHKeHHe yipyrocreli kK BEMYNHAM MIaCTOBbIX JaBJeHHH, 4TO 
MOXKET CJYXKUTb WOKAsaTeIbCTBOM Oovlee BbICOKHX TepcnekTHB 9TOTO palioHa 
Ha HeTb H ras. Sfecb HaIHYHe JIOBYWIeK WrpaeT pelllaloulyio pod. 

BBoctouwHom Il peqkKaBKa3be HCKJIOUHTEbHO BbICOKad TeM- 
_ MlepatTypa BO MeJIOBbIX OTJIOXKEHHH 3aMeTHO YBeJIMYHBaeT PaCTBOPHMOCTh yr- 

JieBoyopoxos. I]pu sTHX ycJlIOBHAX TpeOyloTCA OrpOMHbI€ KOHWeHTpallMn yrue- 
BOJOPOAOB MIA MpefeIbHOrO HACbILLeHHA BO, MeJIOBbIX TOPH30HTOB H COpMupo- 
BaHHe MeJIOBbIX 3aJlexKeH MaJIOBEPOATHO, MOCKOJIbKY BeCb Ta3 HAXONTCA B pac- 
TBOPeHHOM COCTOAHHH. Silecb MOXKHO OMRKUAaTb peskoro MpeoOsaqaHuAd HeE*TAHbIX 
- MecTopo>KeHui. 

OueBHHO, 4YTO IPH ycJIOBHAX NepeMelleHHA NOTOKA Pa3OHACbILILeHHbIX Ma- 
 CTOBBIX BO], B C€BEPHOM HallpaBJIeHHH 30HA, MpHvieraioulad K H30TepmMe 90° (co- 
OTBeETCTBYIOULeH MHHHMYMY KOSMHUMeEHTOB PpaCTBOPHMOCTH), MOrxKeT paccMaT- 
PHBaTbCA KaK MPpHMepHas 30Ha Mepexofa BOL, HEAOHACHILNLEHHBIX yrvieBoqOposa- 
MH, B BOI, peesIbHO HacbilILeHHble HMM. CeBepHee H30TepMbI 90° Bce JIOBYLIKH 
JOJOKHBI ObITb 3aMOJIHeHbI ra30M (eCJIM OHH paHee He OLIN 3anOJIHeHbl He@pTbIO). 

YuHTBIBAA MpHBeseHHble aHHble, MpescTaBJAeTCA, 4YTO B Mpekemax WiatT- 
' dopmenHoro ckJioHa Boctouxoro IIpeqkKaBka3bA MOxeT ObITh OOHAPyrKeHa KPyI- 
_ Had ra3so0HOcHas MpOBHHWHA, 

‘ 


Bcecor3Hbl HayuHO-HCCJIeqOBaTeJIbCKHH Tlocrymuvio 
HHCTHTYT MPHpOfHbIX 1a30B 6 VII 1960 


t LHMTHPOBAHHAS IHTEPATYPA 


i 1B. H. Kopuneuuteu, AH, a) 121, No 6 (1958); 6) 113, Ne 4 (1957); B) 96, 
6 No 5 (i954); r) 125, Ne 1(1959). 2 A. 1O. Hamuort, Tp. Bcecotosu. neprera3s. Hayuno- 
@. cc. wACT., B. 2] (1959). 
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Jornsayn Akagemun nayk CCCP 
1961. Tom 137, Ni 1 


MHHEPAJIO‘THA 


10. A. AXYHJIOB, X. C. MAMEJIOB u axagemux H. B. BEJIOB 
KPHCTAJIIMYECKAA CTPYKTYPA BPAHJIM3HTA 


B muHepasioruyeckol mHTepatype (‘-*°) OpaHau3suT BxXO_MT BMecTe Cc KCaH- 
TOPHJIIMTOM B rpyNMy XpyNKuX co_ (KJIMHTOHUTA). O6neKTOoM uccCTeOBaHHA 
OblH oOpasitbl OpaHausuta u3 KeyaOekckoro pationa Asep6CCP, so6e3Ho 
mpefoctapnenuble I, X. Oexzuessim (Muctutyt xumun AH Asep6CCP), nog 
PYKOBOACTBOM KOTOPOrO Obl BbINOHeEH XHMHYeCKHH akamH3 OpanmMsuTa. 

Kpuctasibl OpaHAv3uTa, 3eJleHOro H TeMHO-3eJIeHOrO IBeTa, HMe@JIM TlaCTHH- 
qaTHI raOuTyc, JIlerKO pacKaJIbIBascb mo MviocKoctu (001). Ha ocnoBe anau3a 
XHMHyYecKad CPOPMY1a OpaHAN3HTAa IipelcTaBuJach B BU Je: 


CaO-1,5 MgO-1,7 AlgOg-SiOg-H20. 


Becb 9KCNepHMeHTAaJIbHbIM MaTepHa Obit oTcHAT Ha Mo(K,)-H3sryyeHHuH, 
¢ TeM 4TOOb! HMeTb HaHOOJIbliee KOJIMYeCTBO pervucTpHpyeMbIx pedseKcoB. Ilo 
PeHTreHOorpaMMaM BpallleHHA BOKPYr TpeX OCHOBHBIX OCel ObIIM BbINHCJICHbI 
TapaMeTpbI SuleMeHTapHoH sueliku: a = 5,18 A; 6 = 9,09 A; c = 18,90 A. 
Kpuctasbt OpaHwu3utTa WpuHaiexkaT K MOHOKJIMHHOM CHHrOHHM C YIJIOM 
8 = 85°. Ilo ocu Ob BbiferseTcA BeCbMa pe3KO TiceBonepvol, KOTOpPbIii cocTaB- 
aAeT TpeTb HcTHHHOrO nepuvosa: b’ = 3,03 A. Ha ocnoBe 3aKoHOMepHBIX M0- 
racaHHui: 


hki: h-+ k= 2n+ 1; 
AOL: 1=2n+1 (h=2n-+ 1); 
ORO: R= 2n-+ 1 
CHMMeTpHA (MpocTpaHcTBeHHasd rpynna) Opangzusuta Cy, = C 2/c. Vs ygenp- 
Horo Beca (6 = 3,12) uucno npHxo_AMIMxXcA Ha AYeHKYy (OPMYJIbHBIX eHHHIL 
yKa3aHHOro Bbile coctapa Z = 4,53. UTOObI NOJyYHTb HOPMAaJIbHOe AVIA COL 


YHCJIO KMOJIEKYJ» B A¥elKe, paBHoe 4, KOSPHUMeHTHI NpHBeeHHOU PopMy.IbI Lou- 
XKHbI ObITb YMHOM*KeHbI Ha ~1, 15, vu MbI MOsTyyaem Cay, 2Mgy,7Als3, 9Siz,2019((OH) —x. 


Ota mopmysia BHITOLHO OTMMUAeTCA OT MpeAbiyuleH HY2HbIM 4HCJIOM (10) aTo- 


mos O, lip cyMMe KaTHOHOB (8), Ha EMHUILy Sobel, 4eM B POpMyaxX MyCKo- 
BUTa — MaprapuTa, T. e. 3,eCb YHCJIO KATHOHOB OTBeYaeT SopMye PoronutTa— 
OMOTHTA. 

ViuTeHCHBHOCTH pedleKCOB OLeHHBaJIHCb BU3ya/IbHO CpaBHeHHeM C Map- 
KaMH moyepHeHun. Ha ocHope pedbieKCOB pa3BepTKH HyJIeBOH CJIOeBOK JIMHHH 
(AO1) Opista nocTpoeHa MaTepCOHOBCKas MpOeKIMA, B KOTOpOM pasmep c’ coKpa- 
THJICA BABOe 34 CUeET MVIOCKOCTH CKOsbxKeHHAC. [lapamMerpbl 3/leMeHTapHOH syelt- 
KH OpaHyusuTa BecbMa OM3KH K Mapamerpam MycKoBuTa KAIs[SisA]Oie](OH)s, 
a TakKxKe pocTBeHHoro Opansusury mMapraputa CaAl2[Si2zAl2010](OH)2. Tostomy 
IpH MHTeplperaluH WaTepCOHOBCKOM MpoeKUMM Mbl HCXOAMIM M3 CTpyKTypbl 
MyCKOBUTa — mapraputa. ConocTaBsieHve C MpoeKUMeH CTpyKTypbI MyckoBuTa 
Ha (010) nokasano, ¥TO NOCMeHAA XOPOLIO OOBACHAET MPOeKUHIO M@KATOMHEIX 
BEKTOPOB OpaHusuTa Ha Ty 2%Ke MVIOCKOCTb, CCIM He OOpalllaTh BHHMaHUA Ha 
OTHOCHTEJIDHbI€ BeJIHUHHbI MaTepCOHOBCKHX M@KCHMYMOB, H 9TO MocwyxXHJIO 
OCHOBaHveM K JomyueHuio, 4TO mpoekwuu (010) y MyckoBuTa HM OpaHyusura 
«“M30MOP(HbI». 
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Ha ocHope MHTepmpeTalWH MPOeKIMH Me2KaTOMHBIX BeKTOPOB ObIIN 
@UKCHPOBaHLI MpelBapHTebHbIe KOOPAMHATbI ATOMOB B AYyeHKe OpaHyMsuTa 
Ho 10 HWM BBIUHCJIeCHbI 3HaKH CTPYKTYPHbIX aMINIMTY, WIA pedieKcos 
tuna AO/. IlocrpoeHHasd mo CHaOxKeHHbIM 3THMH 3HAKaMH SKCIePHMeHTAJIbHbIM 
| Fnox| MPOCKIMA SIEKTPOHHOH MJIOTHOCTH AelCTBUTeIbHO COfepxKasa XOpOwlo 
paspellleHHble MaKCHMYMBI aToMoB Ca, Mg u Si, HO B COOTBeTCTBHH C NepecuH- 
T@HHBIM XHMHYCCKHM aHaJIH30M To uucy aTomoB Mg KapTHHa COOTBeTCTBOBAasIa 
He mycKoBuTy, a dsoronury KMgs[SisAlOi](OH)2. Kpucrannoxumnyecku 
OMMHAKOBbIe ATOMEI O pa3pellaiucb n0xo. B pesyibTaTe yepeqoBaHuA onepa- 


—__—_——_. g ——_> 


Pue. 1. Tpoexuna xz cnouctoi Puc. 2. Tpoekuna yz ctpyktypbl 6paHzusn- 
CTpyKTypbl OpaHyusuta. B Ter- Ta. OOosHayeHHA Te Ke, uTO Ha puc. | 
pas—pax atoms! Al u Si, B OK- 
Tagipax atompt Mg u Al. 
Kpy2KkaMH OTMe¥eHEI Mo10%Ke- 

HHA KaTHOHOB Ca 


UHH noycyeta 3HaKOB HM MOCTpOeHHA Tpex MOCeMOBaTeIbHBIX MpoekuHH 
ylalocb NOJY4HTb YAOBJIETBOPHTeJIbHY!IO IIPOCKUMIO IJICKTPOHHOH IMJIOTHOCTH 
H B OTHOWIeCHHH KHCJIOpOHEIX aToMoB O. KosdpuunexT pacxogxumocTH Rag; 
AJA 3aKJIOUNTeEIbHOH MpoeKWHH Opi paBeH 0,206, ecu Ke HCKIIOUNTb Hy- 
Wepble pedeKchl, TO Ryo, CHHaKaeTCA Jo 0,16. 


B Ta6n. 1 mpHBoLATcd 3HaYeHHA KOOPAHHAT Oa3HCHbIX ATOMOB, KOTODpBIe 
COOTBETCTBYIOT HaHOo/lee YOBJIETBOPHTEJIbHOMY COBMaeHHIO BLINHCJICHHBIX H 
H3Me€PeCHHbIX CTPYKTYPHBIX tbakToposB. Ha puc. | u306paxKena npoeKkuHA OpaH- 
ausutTa Ha (010) B nomMayqpax. Ha ocHoBe pacuiMdpoBkH CTpyKTypbI KpucTas- 
JOXHMHYecKaA (bopMyvia OpaHqu3suTa MpHHuMaeT Bu Ca (Mg,,7Al,,:Capo,9) - 
[Als sSiz,2019](OH)>. Y 

B culoe okTaa{poB OpycHToBoro ‘ ia, KOTOPHIii 3aKOUeH MeXxKLy AByMA 
CeTKaMH H3 aJIKOMOKPeCMHEKHCJIOPORi.clX TeTPaIIpOB, MPHXOMUTCA JOMycTHTb 
HeyllopsAqoyeHHoe pacnpesetenve atomoB Mg u Al muioc Mamloe KoJIM4eCTBO 
Ca. Sto Ke OTHOCHTCA MOKa H K pacnpeyesenuto aTomMoB Al u Si B TerTpaaypax. 
Kak BHHO 43 MpHBeseHHO BbIIe (OpMYJIEI, B aJIKOMOKpeMHeKHCJIOpoqHOM 
payuKasle OpaHAM3suTa CeTKa U3 TeTpad{POB BOCHOBHOM 3ano/lHeHa HOoHamn Al. 
OrHouenve Al : Si, papuoe 2,4, HamHoro IIpeBbILaeT TO, C YEM MBI AO CHX TOP 
BCTPe¥aJIHCb B AJIIOMOKPCMHEKHCJIOPOAHbIX CeTKAX H Kapkacax. 


€8 


Aaa Toro uTOObl HariAAHO BLIABHTb B3aHMOCBA3b OpaHusuTa c Apyrumy 
JOaMH, HaM KayKeTCsA WerecooOpasHbim JIA BCeX 3THX MHHePasOB AaTb cwle- 
yrolyo oOllyio KpucTaioxuMuyecKylo cbopmy.ry: 


X2'[VaY2/Zs(OH, O, F, H,0)41, 

m+ 2n+ p+ 4q = 20+ 21. 
Siecb X — lleHTpupyiouie maketh Goslee KpynHble KATHOHDI, KOTOPbIMH MOFyT 
Opitb: Ca’*t, Nat, K+, Ba®*, (OH3?); 1 = m = 2 (ycpennaerca mo Bcem X); Y — 


ATOMbI, 3AHMMAIOIIHe OKTAIpuyecKHe IyCTOTHI B CpeqHem coe maKketa. Amu 
sMoryT Onirb: Mg?*, Al®*+, Fe@—3)+, Tit+, Lit,..., 2=n(p) S38 (ycpenneno 


? Ta6muna 1 
‘ KoopaHuHaTbI 6a3HCHbIX ATOMOB OpaHyzu3uTa 
. cel 
; ATOMbI x/a y/b z/e ATOMBI x/a y/b 2/e 

i] \ ty] | 
| | 
i Ca 0 119 1/4 OH 0,570 | 4/12 | 0,052 
(Mg, Al), 1/4 Mi5 0 Or 0,700} “8/m_  | 0,052 

M ; Al 3/ 3/5, 0 2 0,570 5/19 0,052 

t on ae As tA 6 O; 07980} 4a. | 01187 
(Mg, Abiqyy /4 [12 O; 0/303 | 0,320 | 07475 
f (Al, Si), 0,030 | "/12 | 0,146 O; 0,303 | 0,362 | 0,175 
{ [AL Si),, | 0,530 | 4. | 0,146 | 
: ' 
r 


mo Bcem n). Atompt Y pas6uparotca Ha ABe rpynmpi: u3 4 u us 2. B mycKopuTe— 
‘Maprapute BTopas rpynna orcytcrsyer. Bo d@uoronute — 6voTuTe M B KJMHTO- 
“HiTe BTOpasd rpynia npescraBviena noyTu NomHocTHIO. Z — aTOMbI, 3aHHMAaIOIIMe 
‘rerpasipuueckue MYCTOTbI B ABYX HapyKHbIX COAX MakeTa, T. e.: Si**, Al?+, 
Cr**+. . . Hegucxperuoctb pedaexcos tuna Ok/ c k + 3n no oTHoulenuio K / 
(pacTaHyTocTb HX BJOJb JIHHHM NocTosHHoro k) He NO3BOMa NOCTpOuTb 
“TIPOeKILHIO 3JIEKTPOHHOH MoTHOcTH yz. IIpoekuHA yz CTpyKTypbI B NowHoLpax 
a naockoctb (100), u306paxkeHHasd Ha prc. 2, nocTpoeHa Ha OCHOBaHHM Koop- 
“\ZuHAT Z, KOTOPHIe JaBaH Haylee COBMAaeHHe BLIMHCJICHHbIX H H3MePeHHbIX 
SHAYeCHHU CTPyKTYPHbIX ammuTyy. Kosddunnent pacxogumoctu R Aa peduieK- 
cos Ok/ Opin papen 23%. HerpyaHo yBuseTb U3 9TOH MpOeKUMH, 4YTO TepHoy 
‘WeHTHYHOCTH Jia aTomoB (Mg, Al) B oKTa9{pax HM AIA 3HAYHTebHOH 4acTH 
KHCJOPOAHbIX aTOMOB B TpH pa3a MeHbille, YEM HCTHHHBIM MepHoy 0, 4uTo H 
SBJIAETCA OCHOBHOM NMpHUMHOH OTMeYeHHOH Bble Ca6ocTH pedbeKcos Tuna Ok/ 
‘ek = 38n. Orcytcrsue AucKpeTHoc™u y pedbrexcos Ok/ Aa k += 3n no OTHOUIe- 
Huo K / NO3BONAeT MpeNoO%KUTb, YTO HapsAy C MOHOKJIMHHbIMA TaKeTaMi, 
B KOTOPbIX CJIOM 4YepesyroTcs cTporo no 3aKoHy C2/c, B cTpyKType jocTaTOuHO 
‘WaCTbI OTCTYMJICHHA OT TaKOrO YepesoBaHHA. 
HegaBuo (4) am0HCKMMM aBTOpaMH OblJIa OM YOJIMKOBaHa CTPyKTYypa CTOAMLero 
. MMHepasOruyecKHX CMpaBOUHHKax PxAXOM C OpaHAM3HTOM KCaHTOdMJIINTA, 
4A KOTOPOrO OHH YKa3bIBAIOT ellie Gowlee BLICOKOe OTHOMIeHKe Al : Si B asoMo- 
KPeMHeKUCJIOpOAHOM pakuKase, a uMeHHO 2,95: 1,05, u mpocTpancTBeHHyi0 
Tpynny C2/m. Tlospnenue B 3TOM CHMBOUJIe 3epKaJIbHOM MJIOCKOCTH CHMMeTpHH 
m CBA3aHO Cc HasM4uveM oTpaxeHHit AO/, He MOMYMHAIOULMXCA 3AKOHOMePHOCTH 
1 = 2n, 4To MoxmeT M60 OTBEYaTb 3eEPKaJIbHOM MIOCKOCTH Mm, JIHOO, 4YTO Oovlee 
BePOATHO, CBHUJeTeEIbCTBOBATb 06 OCOOeHHO YaCTOM HapyUleHHH YepeoBaHuA 
CloeB 110 BLIACHMBIeMycaA y Hac 3akoHy C2/c. BompekW yKa3aHWio ANOHCKHX 
ABTOPOB B OTHOWeHHH KCaHTOHINTa, B OpaHAMsHTe aJIKOMMHMeBO-KpeMHe- 
| KHCJIOPOMHbIe CeTKH BeECbMa MAJIO OTJMUAIOTCA OT TeKCATOHAJIbHbIX, HM MOMbITKY 
|\CMelleHHA aTOMoB O u IpHOMxKeHHA MOTHBAa CeTKM K JMTPHPOHaJIbHOMY MIpH- 
BOJWIM K 3HAUNTeIbHOMy yBesMYeHHIO KosddpuiMenta R. 


/ 


y 169: 
’ 


i 


Hau6oslee MHTeEPeCHBIM pe3YJIbTATOM OMpedeeHHA CTPYKTYpbl Kak OpaHsM- 
3uTa, TaK M KCaHTOMUHTA Oba KOHCTaTalHA OCOOeHHO aleKO Hyuero B 
HUX 3aMeleHHA KPeMHHA aJIIOMHHHeM B CJloe M3 TeTpadqpoB. CunTaButeeca 0 
CHX Top MpeletbHbIM oTHOWeHHe Al: Si = 1:1, KoTOpoe uMeeT MecTO B 
MapraputTe, 3ecb mouTH JocTuraeT 3: 1, 4TO y2Ke MOXKHO HCTOJIKOBaTb Kak 3a- 
MelLeHHe aJIOMMHUA Ha OMHY YeTBEPTh KpeMHHeM, T. €. MOSBOJIACT BbIeHTb HO- 
BYIO aJIIOMHHaTHYIO TpyMly cpequ CHMKaTOB M AaxKe CTABHTb BOMpoc O MO/IHOM 
3aMeleHHM B TeTpassqpax Si va Al. 


MuctTutyT XHMHH Toctynu0 
Akayemun Hayk A3ep6CCP 3 XII 1960 
LWUTHPOBAHHAA JIMTEPATYPA 
19. C. Taua, OnncatenbHat munepatorua, M., 1937. 2A. Bene xt way 


Muuepanorua, M., 1950. * A. HW. Buuuewa, Ontuyeckan muHepanorua, M., 1953. 
*Y. Takéuchi, R.Sadanaga, Acta crystallogr., 12, 945 (1959). 
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ITET POT PA®H ff 


; JI. ©. KBAUIA uf. C. FOPLUKOB 
K NIETPOXHMHH TEKTHTOB HW 3EMHbIX JIAB 
(IT pedcmaeaeno akademuxom B. I. Pecenxosoim 20 VIII 1960) 


CpaBHeHHe XHMHYeCKHX COCTaBOB TeKTHTOB — IPHPOMHbIX CHJIMKATHBIX CTe- 
KOJI —C XHMMYeECKHMH CocTaBaMH OGcHAMaHOR, USBePXKEHHEIX HM OCa/OUHBIX 
_TOPHBIX TOPO, MPOBOAHOCh pxOM UCCJeLoBaTeelt pasMUHbIMH cimocobamMu 
ee 
Haute safauel Oblio cpaBHHTb MeTpoxumuyeckuM MeTogom A. H. 3asa- 
puukoro(*,*) TeKTHTHI C pa3/IHYHbIMH BYJIKAHHYeCCKUMH CTeKJIAMH, OIM3KOrO TeK- 
-THTaM XHMHYeCKOrO CocTaBa. 

Matepvasiom HcCJleqOBaHHA TOCYXKHJIM JaHHble XHMHYeCKHX aHaJIH30B 
(7,°-18), xapakTepu3ytlollve TeKTHTHI H3 BCeX H3BECTHBIX HX MeCTOHAXO*KeHHH, 

M JlaHHble XHMHYeCKHX aHaJIH30B OOcHaHaHOB (°,'4~1%), 61H3KHX TeEKTHTAM XH- 
-MHYeCKHX COCTABOB H3 PasJIMGHbIX NeTporpadpuyeckHX MpoBHHUHH. TlocrpoenHax 
Tlo MepecuvTaHHbIM H3 JaHHbIX XHMHYCCKHX aHaJIH30B YMCJIOBLIM XapaKTepHcTH- 
KaM BeKTOpHadA HarpamMa MpeycTaBseHa Ha pue. |. 

Kak BHHO H3 AHarpaMMbl H MepecueTa, Npellebl MH POPpMa POA BEKTOPOB 
TEKTHTOB B IeJIOM (HCKJIIOUeHHe COCTABJIAIOT IATb BEKTOPOB) OMpeeJIAIOT XHMHYe- 
CKHe COCTaBbI TEKTHTOB KaK CHJIbHO MepeCbIlIleHHble H MepecbIlleHHble KpeMHe3e- 
MOM COCTABBI, OYeHb OeHble H OeAHble WleouaMH, a JVJIMHa H HalipaBuleHHe BeK- 
“TOPOB — KaK IlepeCbIlIleHHble rIMHO3eEMOM, IIPH OTHOCHTe/IbHO MOBbILIeHHOH OC- 
HOBHOCTH, KOJeOI0MleHCA B 3HAYHTeIbHbIX Mpesesax, 

Pou BeKTOpoB XHMH4YeCKHX COCTABOB TEKTHTOB H3 pa3JIMYHbIX MeCTOHAXOK- 
‘JleHHH MOCTeMmeHHO CMelaloTCA BAOIb ocH SB XW OOpasyioT MOA, YaCTHUHO Me- 
'/peKpblBaloulve pyr Apyra, a He pesKo oGocoOleHHbIe rpynmmbl. OHH OOpasy1oT 
B NopsyKe yBesIMYeHHA OCHOBHOCTH Cle VION pA: BITABHHbI (MOJIaBHTbl) — 
“MHAOWMHUTE! WM aBCTpaJMTbl — OMAAMTOHHTbI —TekTHTbI Bepera Ci0HoBoii 
-Kocrn. 

CuelyeT OTMeTHTb BbIJeIAIOULYIOCA To MpeodaaHHio Cpe UeoveH Kana 
Tpynly BJITaBHH (MOJIaBHTOB). 

IlpoBeleHHas BapHauMoHHad KpHBax XHMMYeCKHX COCTaBOB TeKTHTOB (77 

Ha puc, 1), onpesemsntoujaica MOJIO*%KeHHeM HayaJIbHbIX TOUeK BEKTOPOB, XapaK- 
Tepu3yeTcaA OmH30cTb1IO ee K OCH SB vu CpaBHHTeJIbHO C/1aObIM HaKJIOHOM K 93TOH 
Oc MW HMxKe (OT TOUKH A) MepeXOAHT B BapHallHOHHY!O KpMBYi0 MOeBOUINAaTO- 
BbIX AXOHJpHTOB (B3ATa 3 (2”,18)), oTMMYAIONLyIOCA TeMH 2Ke OCOOEHHOCTAMH. 
_ SeMHbie JaBbl B MeTpOXHMHMYECKOM OTHOLIEHHH H3YYeHbI AOCTATOUHO XOPOLo. 
Hauambuble TOUKH BeKTOPOB, MpefcTaBAIOWIMX HX XMMHMYeCKHe COCTAaBbI, 00- 
pa3yloT BMOMHE OMpeeneHHble MOJOChI, BbIpaxKaloulMwe XapakTep M3MeHeHHA 
cocTaBa JlaB B XOJe HOPMAJIbHOM KPHCTaJJIM3alMOHHO-rpaBHTalMOHHOH JHp- 
qbepeHivalluu MarMbl, KOTOpble MOryT ObITb BbIpaxKeHbI B (POpMe BapHwallMou- 
HEIX KPHBbIX, KaxkJoMy THIy JaB OTBeYyaeT OlIpesesIeHHad BapnallMoHHaa 
KpuBas. 

' Ha quarpamme HaHeceHa BapHallMOHHaA KpHBad XMMMYeECKUX COCTABOB J1aB 
‘MMIOHCKUX BYyJKaHOB (JJ Ha puc. 1), NepexOfAllad B BapHal\HOHHYIO KPHBy10 
XMMMUeCKHX CocTaBOB JlaB THMa Ilese (u3 (°)). Sta KpHBaA MpeycTaBAeT xu- 
MHYeCKHe COCTABbI H3BECTKOBO-IeIOUHBIX IAB OCTPOBHBIX Ayr MH ABJIAeTCA OH- 
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*Kailiueii K ocu SB BapHalWOHHOM KpHBOH H3 BCeX BapHallMOHHBIX KPHBbIX 3€M 
HBIX JIaB. ; 

Poft BeKTOpoB OOcH{MaHOB pacloslaraeTcA BUpaBO OT BapHallMOHHOH KpH 
pol JJ, B61u3u ocw SA, M HeECKOMbKO YAJIMHeH B HallpaBJeHHM STOM OCH. Ta 
Kas (popMa POA YKa3bIBaeT Ha 3HAYMTCJIBHBIC KONe6aHHA WlesOUHOCTH B OOcHHa- 
HaX, MOCKOJIbKY OHH MIpHHaiexKaT pasJIMYHbIM Ne€TPOXHMMYECKMM ACCOIHalLHAM., 
Jina M HallpaBsleHHe BeKTOPOB OTBeYalOT HOPMAJIbHOMY THIy XMMHYCCKH 


COCTABOB. 


Puc. 1: BextopHas QHarpaMMa XHMHYeCKHX COCTABOB TeKTHTOB H CTeEKJIOBATbIX 3CMHBIX J1aB.. 
J] — BITaBHHEI (MONaBHTHI); 2 — HHJOWHMHUTH; 3 — aBCTpanHTH; 4 — OMIMHTOHHTHI; 5 — 
(PHJIHNMHHHTH; 6 — aMepHKaHHTbI; 7 — TeKTHTH! Bepera Caonopow Koctu; 8 — 6eqHasuTHl, 
9 — 3eMHBIe aBbI (CIBOeCHHbIe KOHTYpbI Jia 4 H 9 — oueHb ONH3KHE TOUKH AHarpamMbl); TT — 
BapHalHOHHaA KPHBaAd XHMHYeCKHX COCTaBOB TeKTHTOB, JJ — BapHallHOHHaA KpHBad XHMHMYe- 

CKHX COCTaBOB JIaB ANOHCKHX BYJIKaHOB 


V3 quarpaMMbl BHAHO!*, YTO MOA BeEKTOPOB TEKTHTOB H OOCHAHaHOB OTUeT 
JIMBO pasrpaHHyeHbI MU, Ooee Toro, poH BeKTOPOB TeKTHTOB pacmoviaraeTc 
Jiepee Kpaiivell BapHalWMOHHOH KPHBOH 3eMHbIX aB. Jlamee, xMMH4eCKHe CO 
CTaBbl TEKTHTOB OTJIM¥AIOTCA OT XHMHYeCKHX COCTaBOB OOCHAHaHOB MeHbIllel 
ULe€OUHOCTHIO HM MpeobsaarouleH MepecbilllLeHHOCTHIO rIHHO3eMOM, JlaxKe B Oosle 
OCHOBHBIX pa3HOBHHOCTAX. Kpome Toro, oTMeyaeTCA GOIee OCHOBHOH, 4eM y 06 
CH\HaHOB, XapakTep, OTBeYAaIONHH CKOpeH alluTaM H aHe3uTaM, YeM JIMMapvtamM. 

AHaJIM3 MOCTpoeHHOM JMarpaMMbI IIPHBOAMT K 3aKJIO“eHHIO, YTO TeKTHT 
He ABJIAIOTCH 3@MHBIMH JIaBaMH. Bmecte Cc TeM BapHall\HOHHaA KpHBax XHMH4e- 
CKHX COCTaBOB TeCKTHTOB, HMeIONLaA KAYeCTBEHHO CXOJHbIM XapakTep Cc OMxKal 
wel K Heli BapHallMOHHOH KPHBOH 3eMHBIX J1aB, COCTaBJIAeT NpoOo/pKeHH 
BapHallMOHHOM KPHBOM XHMHYECKHX COCTABOB AXOHAPHTOB, OOpa3syA eAHHbI pay 
MOQOGHbIN eECTeECTBEHHBIM PALaM OTe/bHbIX THIOB 3eMHBIX aB. Ilostomy TeK 
THTBI MOXKHO PaCCMaTPHBaTb KaK IIPOMYKTbI KPHCTAJJIM3alHOHHO-rpaBuTalln 
OHHOH LudppepenMal“n MoMeBOUINMATOBbIX AXOHPUTOB, MpelcTaBssAIONNe CBO 
ero pola aBbl, WOMOOHO TOMY KaK OOCHAMAHbI HM AHe3UThI ABJIAIOTCA MpOLyKTaM 
Wuppepeniuallun 3eMHbIX 6azsanbTOB. B TaKOM cayyae cmeqyeT mojlaraTb, 4TC 


“ PaccmaTpHBaeTcsA TONbKO NpoeKUMA Ha MlocKocTb ASB, Tak Kak Ha NpoeKUHH Ha TWO 
ckocTb CSB Havabuble TOUKH BeKTOPOB TeKTHTOB H OOCHAHAHOB o6pa3ylOT CMellaHHoe move 
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TeKTHTbI H AXOHAPUTHI BOSHHKJIN B OJHOM HM TOM Ke Tele JOCTATOUHOM BeM4H- 
bl, B KOTOPOM NPOHCXOAMIM MpOlleccbl, MOXOM*KHe Ha MpoOlecchl HM ABJICHHA BYJI- 
<aHH3Ma Ha 3Semue. 


KomuteT 0 meTeOpHTam Tlocrynuso 
Axagemau Hayk CCCP 18 VIII 196v 


Jla6opatopua ByiKaHosorun 
Akayemuu] HayK CCCP 
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Jlorxagn Akayemun nayk CCCP 
1961. Tom 137, Ni 4 


ITETPOTPA®H A 


B. H. KOMOPYJIHH 


O MPOHUCXOKKJEHHH WEOJIMTOBOrO WEMEHTA 
B MIECUAHO-FPABHHHbIX MOPOJAX YIJIEHOCHOM TOJILIH 
fOrO-BOCTOUHOM YACTH HPKYTCKOFO BACCEHHA 


(IIpedcmaeaeno axademuxom H. M. Cmpaxossim 9 VIII 1960) 


B woro-BocTounoii yactu Mpkytckoro yrsenocHoro Gaccelina (I]puupkyTcKast 
BilayMHa) B CocTaBe MecuaHO-rpaBHHHbIX MOpO yrvieHOCHOH TOJIMM WHpOKO 
Pa3BHT MOHOKPHCTaJIHYeCKHH WeoJHTOBLIN WemenT. [lecuaHHku MU rpaBeJIHTbI 
B 3TOM paHoHe ABJAIOTCA TlaBHbIMH THMaMH MOpoOl WH COCTaBJIAIOT He MeHee 
70—80% Bcero pa3spe3a. BmecTe c HHMH IIpHCYTCTBYIOT OTIeJIbHbIeC TOPH30HTHI 
AJIEBPOJIHTOB HM TJIMH, 3aKJIOUAIOULMX MaJIOMOULHble MJiacTbl KaMeHHBIX yrviei. 
B OCHOBaHHH pa3pe3a pa3BHTbI KOHTJIOMepaTHI, JocTuraimue 140—150 m. 
O6mlad MOULHOCTb BCeH Tou cocTaBsIAeT 550—600 m. Haxonsienuve yruienoc- 
HbIX OTJIOMKeHHH OCYULECTBIAJIOCb B KOHTHHEHTAIbHOH OOcTaHOBKe. CpeyqH HUX 
Pa3BHTbI aJJIOBHAIbHbIe, O3epHble H OOJIOTHbIe OCaNKU. OTMO*RKeHMe MeCuaHHKOB. 
HW TpaBeJIHTOB B OOJIbIIHHCTBe CJIY4aeB MPOHCXOAHJO B YCIOBHAX peyHoro pycsa. 

BetlecTBeHHbIii COCTaB MeCuaHO-rpaBHHHbIX NOpof XapakTepH3yeTcaA wWHpo- 
KHM Pa3BHTHeEM IOJIeBbIX IUMAaTOB (KHCJIbIX NarHOKa30B H KaJIHeBbIX pa3HO- 
cTeli), KBaplla, OOJIOMKOB MOpoyl, BbICOKOMarHe3HaJIbHOrTO OvoTUTa. CojlepxKa- 
HHe HocwleqHero JocTuraeT HepeqKo 20—25%. Cpemu aklleccopHEIX MHHepaJioB: 
B Pa3JIMYHbIX COOTHOMI€HHAX MPHCYTCTBYIOT 3epHa rpaHaTa, alaTuTa, cena, 
poroBolt OOMAHKH, 9SIIHOTa, WOM3HTa H HeKOTOpbIX Apyrux. Powb nepBuyHoro 
C€MMeHTAMOHHOTO WeMeHTa NOpO Hrpadl TOHKOMepeTepTHIH CHJIbHO ruypaTH- 
POBaHHbIM OHOTHTOBLI MaTepyva.. 

TlecuaHo-rpaBHHHble MOpOAbl C MOHOKPHCTAaJJIMYeCKHM ILeOJIMTOBBIM IeMeH- 
TOM OOpa3yIOT B pa3spese TOMMIM 30HY MomHOCTHIO OT 40—60 yo 200—240 m, 
XOPOWIO MpocuiexKUBaeMYy!1O Ha MJIOULaWH B MHOFOUHCJIEHHEIX OYPOBbIX CKBaxKH- 
Hax. BepxuHad rpaHuia 30HbI pacnonaraetca Ha rayOuHax oT 20—30 no 140— 
260 M H¥2Ke COBpeMeHHOH NOBepXHOCTH, HHKHAA — Ha rryOuHax oT 80 Jo 360 M. 
B mpocsioax aJIeBPHTO-rvIMHHCTbIX MOpol, BcTpeyarolluxcA B Mpeflemax 
30HbI, IeOJIHT COBeplIeHHO OTCYTCTBYeT. 

IleouuT B NecuaHukax MW rpaBeJHTAaXx BbINOJHAeT BCe MOpbI MeXxKLy O6sOMOU- 
HbIMH 3€pHaMH HU B psAjle CLy4aeB HHTCHCHBHO KOppoOupyeT MH 3aMellaeT MHOTHe 
OOJIOMOUHI€ KOMMOHEHTHI MOPOAbI: MOeBbIe WIMATHI, pOroBy!0 OOMAaHKy, 9SMMJOT, 
WOH3HT. PasMep KpHcTaJJIOB WeoJIHTa OObIYHO He MpeBbillaeT pasMepoB OHO 
MOpbl, HO HEKOTOpble KpyMHble KpHCTaJIMYeCKHe HHIMBUbI OXBAaTHIBAIOT pA, 
OOJIOMOUHEIX 3epeH; B 9TOM CJIy¥ae WeMeHT MpHoOperaer NOMKUMTOBYy!O CTpyK- 
Typy. Ho nepudepun nop, Blob rpaHulbl Cc OGJIOMOUHLIMM 3epHaMH, pasBuTa 
KPYCTHPHKAalMOHHaA TieHOUKa 3eeHoro xsoputa (puc. 1). Ee Tommuna He 
mpeppunaeT 0,005—0,007 mm. Cpequ meomuToBporo meMeHTa MpHcyTCTBy1OT 
BbIACJCHHA HOBOOOpas0BaHHbIX JIMMOHHTA, JIeMKOKCeHa, aHaTasa, muputa. V3- 
MepeHve Toka3aTete MpesOMIeHHA WeowuTa MoKasano: Ng oT 1,515 yo 1,522; 
N, of 1,504 go 1,511. Mo usmepennpm 3HayeHHAM NoKasaTesel mpenomieHus 
Ng—Np = 0,011. Munepan — zpyocnpii, 2V = 35—40°. cN, o6nmHo co- 
cTapiseT 40°, oTeIbHbIe KpUcTasIbI OOHAPYXUBAIOT MpsAMoe roracanue. 

Cpequ o6mmpHoii rpynnpt weomuToB Han6omee OH3KH K omucaHHomy 
Ca — Na-pa3HocTtu — noMoHTHT M, TOMCOHHT. Tak, JIA JIOMOHTHTa ByH- 
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yeas (*) IpHBOgAT culeqyioulme KoHcTaHTHI: Vz=1,525—1,516; N,=1,504—1,513; 
Ng = 20—36°; — 2V = 25—35°; ana Tomconuta: — N, = 1,518—1,545; 
p = 1,511—1,530; Ng — Np = 0,006—0,020; N, = 6; 2V = 47—75°. Ha 
peHTreHorpaMMe MOpouika WeOMTa yCTaHOBJeHO OosbIIOCe 4YHCIO IMHHH, 3Ha- 
uuTebHad YaCTb KOTOPbIX MOXKET ObiITb JOCTATOUHO YBEPeHHO OTHECeHA K JIOMOH- 
THTY W TOMCOHHTY. OTO aeT OCHOBaHHE Mpelnosarath. yTO B CocTaBe IleMeHTa 
TIpHCyTCTByIoT O6€ MHHepaJIbHble pasHOBHHOCTH. 
_ IIpopeyeHHoe u3yyenve noka3sai0, 4uTO POpMHPOBaHHe MOHOKpUCcTasM4e- 
Bsoro WeoHTa B MOposax OCYULeCTB.IAeTCA 3a C4YeT peoOpasoBaHHA MX Mep- 
BUYHOFO CeAMMeHTALHOHHOTO WeMeHTa H 3Ha4HTeIbHOH yaCTH KPYMHbIX yellyeK 
OuorTura. Bce ctTaquuM opMupoBaHHA LWeoHTa JerkKO MpocuexKuBawTCA TIpH 
M3y4eHHH MOpoOy OT CaMbIX BEPXHHX TOPH3OHTOB pa3pe3a BHH3 K e€FO OCHOBAHHIO. 
_ B BepxHux wacTAx yIrvieHOCHOH TOJIIM, BbIXOLsMel Ha JHeBHYyIO M0- 
BepXHOCTb, TOHKOAMCMepcHasd MacCa NepBHYHOTO CeHMeHTAILHOHHOrO IeMeHTa 
M OOJbWaA YaCTb KPYNHBIX YellyeK OHOTHTA MOLBeprviacb MHTeHCHBHOM me- 
peKpHCcTaM3alHH HU OOpas0Basla TOHKOarperaTHY!O Maccy CJIOXKHOFO cocTaBa. 
aK MOKa3aJlIO PpeHTTeHOBCKoe H3yyeHHe *, B ee COCTaB BXOAT MOHTMOpH.I- 
JIOHHT, XJIOPHT HW CMeUIaHHO-CJIOHHBIe MHHepaJbl THMa YepeOBaHHA MakeTOB 
OHTMOPHJJIOHHTA H THApoc0AbI. STOT MaTepHaJ OOalaeT CBeTJON 3OJIOTHCTO- 
ypoH OKpacKoH M COCTOMT H3 TOHYALIIHX HroOOueK, OPHeHTHPOBaHHBIX Mep- 
MleHAKYIAPHO MOBepXHOCTH Top. OrjeibHble pa3oOuleHHble OHA OT Apyroii 
MrOJOUKH XJIOPUTa MpHypounBaioTcsA K rpaHHe OOJOMOUHEIX 3epeH (px. 2). 
‘2B xoje JjabHeliiero mpeoOpa30BaHHA cpeH PIMHHCTOrO MaTepHada NosBIA- 
€TCA IWeOJHTOBOe BellleCTBO, KOTOPOe MOCTeMeHHO 3aMerllaeT BCHO PJIMHHCTYIO 
maccy. MoxkHo HaMeTHTb TPH THIa MpeoOpa3s0BaHHA IMHHCTOrO MaTepHasa B 
‘eon. 
_ 1,Cpeau xpyctuduKkallHoHHoli Macchi BOSHHKaIOT TOHYAMIIIHe HOJOUKH HeosH- 
Ta, aHaJIOTHYHOFO MO NOKasaTeAM IpeJOMJeHHA KPpyMHOKpHCTaJMYeCKON pa3- 
OBHAHOCTH. Takve HFOJIOUKH OPHeHTHPOBaHb! B HallpaBJIeHHH K WeHTpy Mop 
pasqeleubl Apyr oT Apyra riuwHucTHIMH YeUlyHkamu. B G6owee ray6oKux Fro- 
PH3O0HTax HX CoepxKaHHe Bce Gowlee BO3PacTaeT H B KOHI€ KOHILOB BeCb TIMHH- 
eon MaTepHasl MpeoOpasyeTcs B BOJIOKHHCTHIN arperaT WeouTa. OLHOBpeMeHHO 


3THM MOopMupyeTcA KpycTHpHKaWHOHHaA MwieHouka xJioputa (puc. 3). B pe- 

yJIbTaTe MocJeLyouleH MepeKpHcTa/WIH3alHH 3a CYeT TOHKOMuCNepcHoro Weo- 
(AHTOBOFO MaTepHavla OOpasyl0TCA MOHOKPHCTaJJIMYeCKNe BbIeeHHA STOTO MH- 
‘Hepawa. 
| 2. B xoge npeo6pasoBanua riMHucTOrO MaTepHaia WeMeHTa B WeHTpaJIbHbIX 
‘WacTAX Top OpMHPYIOTCA MeJIKHe MPAMOYTOJbHbIe TAOMHYKH H3OTPOMHOTO Be- 
MecTBa C MoKasaTeyem mpeiommeHuA B 1,515-++-2. 
| Takue Ta6mM4KH OTIeNeHbI OLHA OT Apyrol yellyHKaMH MOHTMOPHJIJOHHTA. 
B janbHeiimem Hx KomMYeCTBO Bce Ooslee BO3pacTaeT, H OHH NOYTH MOMHOCTHIO 
BaMellaioT TIMHHCTHI MaTepHan. IlapaimenbHO Cc 9THM MO MepHdepuu mop 
pasBuBaeTCA MeHouka xsoputa. Ha Oovlee No3qHUX 9TaMax TakHe M3OTPOMNHbIe 
BHIJeJICHHA HAYMHAIOT OTYETIMBO MOJIAPH30BaTb CBeT H, KaK Obl cpacTascb Apyr 
2 ApyroM, nmepexoJAT B MOHOKPHCTaJM4YeCKHi JOMOHTHT. 
_ 3. Kpymupie MOHOKpHcTaJsMyecKHe BbIeeHHA WeoHTa POPMHpyrioTcA yxe 
a paHHHXx 3Talax H3MeHeHHA MepBHYHOTO CeAHMeHTAIHOHHOLO MeMeHTa (puc. 4). 
DHUH BHINOJHAIOT WeHTpabHble “acTH Nop H OKaliMJIeHbI WHPOKOH KaeMKOli 
PIMHUCTOrO (MOHTMOPHJIJIOHHTOBOTO) MaTepHaJia C 3eJIeHOH XJIOPHTOBOH MJe- 
}J0uUKOM Ha TrpaHulle OOJOMOUHEIX 3epeH. CaM leOJIHT HepeqKO OOHapyxKUBaeT 
JOTUCTIIMBYy!O 3O0JIOTUCTO-GypylO OKpacKy 3a CUueT BbICOKOrO COMepxKaHHA TOH- 
fave MpHMecH OKHCJOB x*KeuJesa. 
_ Bnepspie WeouMTOBbIli MaTepHaJl B WeMeHTe MOpO{bl NOABJAeTCA Ha rulyOu- 
iax B 100—120 m; noaHaa mepepaOoTKa Bcero PIHHHCTOrO BellleCcTBa B IleOJIHT 
SVILECTBIAeTCA Ha MpoTsKeHHH 60—120 m. B uacTax paspe3a, pacnosoxeH- 
[IX HeMocpeycCTBeHHO HH%Ke 3OHbI JIOMOHTHTOBOrO IleMeHTa (OT TIyOHHEI B 


* PenTreHoBcKoe u3yueHHe OOpa3il0B WeO.HTa MH IIMHHCTOrO IWeMeHTa ObIO mpoBeyeHo 
A. Anexcangzposoi u T. B. JlammatToroii, 3a uTO aBTOp BbIpaxKaeT HM ONarofapHocty. 
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280—300 mM u LO OCHOBaHHA TOJIIH), WeMeHT MeeyaHO-rpaBHHHbIx Nopox mpey- 
cTaBJIeH KaOJIMHHTOM. Jd BepXHHX TOPH3OHTOB STHX YaCTeH TOJILH MOXKHO 
C€ H€COMH€HHOCTHIO KOHCTaTHPOBaTb, YTO OOPa3s0BaHHe KaOJIMHUTAa MpOHCXOAUT 
3a CueT pa3JIOVKeHUA WeoMTOBOLO Wementa. I]peoOpasoBaHue WeoMTOBOrO MaTe- 
pHasla B KaOJIMHUT OCYIeCTBAeTCA Ha IIpoTsKeHHH 20—25 Mm paspesa, Hue 
BCAKHE CJIeIbI WeOJIMTa B COCTaBe MOpOs HcuesaloT. XJIOPHTOBad MeHouKa, 06- 
JieKaBliasd OOJIOMOUHbIe 3ePpHa, COXpaHAeTCA HECKOJIbKO JO/bUIe, HO B KOHUEe 
KOHILOB HM OHA 3aMellaeTCA KaOJIMHHTOM. 

B 60/buUIOM ¥HCJIe paooT, IOCBALLeHHbIX AYTHFeCHHBIM WeOJIMTaM B OCaOUHbIX 
nmopolax, Hx (pOpMHpOBaHHe CBASbIBAeTCA C MpeOOpas0BaHHeM OCayKa B paHHeM 
jMarene3e. CuvTaeTCa, YTO HCTOUHHKOM aJIIOMO-KpeMHHeBoro MaTepHavia, HeO6- 
XOJMMOPO JIA MOCTPOCHHA PeWIETKH IWeOJHTOB, C/YKHIM reiM, NocTynaBuHe 
C CYLIH, WIM O6JIOMOUHOe BellecTBO Camoro ocalKa. Mount Ca, Na, Ku Op. 3a- 
UMCTBOBaJIHCb H3 BOAHOH cpesbl. Pay uccsieqOBaTeleH YKa3biBaeT, YTO 9TH IIpo- 
IleCCbl IIPOHCXOAHJIM B JaryHHOH OOcTaHOBKe, Te COJICHOCTb BOJbI H KOHILCHT- 
PallHM OTJ@JIbHbIX HOHOB CYULECTBEHHO OTJIM4AaJIHCb OT TAKOBbIX B MOPCKOM OaC- 
ceive. B nocieqHee BpeMA NOABHJICH PA pa6oT, re OOpas0BaHHe Weo/MTOB 
CBA3bIBaeTCA C 9IIMTeHeTHYeCKHMH H3MeHeHHAMHU TOpoy (°,8). 

IIpHpeyeHHad XapakTepHcTHKa IpolleccoB (OpMHpOBaHHA JIOMOHTHTOBOrO 
IleMeHTa MeC4aHO-rpaBHHHbIX C HECOMHEHHOCTbIO YKa3bIBaeT Ha HX SIIMreHeTH- 
yuecKHii xapakTep. I]pu 9ToM OOpa30BaHHe JIOMOHTHTa 3a C4eT OMOTHTA MIpO- 
HCXOMMT CTaWaJibHO C MOABJIGEHHeEM Ha PaHHHX 9TallaxX CMeLIaHHO-CJIOHHbIX 
rIMHHCTLIX MHHeEpaJIOB H MOHTMOPHJWIOHHTa HM MOcweLyIoulHM MepexoomM M0- 
cleHero B WeOJIHT. 

O6 o6pa30BaHHH IeOJIMTOB 3a C4¥eT PIMHHCTbIX MHHepaJiOB H3BeCTHO B reo- 
Jlornyeckoli wuTepatype (’,*,'°). OqHaKO Bce OHH B TOM HJIM MHOH CTeMeHH CBA- 
3bIBalOT JITOT Tpollecc C THAPOTepMaJIbHbIMH HH3KOTeMNepaTYPHBIMH yCJIO- 
BHAMH. CyllecTByIOT aHHble O BO3MOXKHOCTH OOpaTHOrO Mpollecca — nepexoye 
IleOJIMTOB B IvIHHHCTbIe MHHepavibl (°). 

Mmetouivecs B HaCTOsilee BpeMA reOOrHyecKkHe HaGOLeHHA UM MAaTepHaJIbl 
110 CHHTe3y WeOJIHTOB MOKAa3bIBaIOT, YTO OHH OOpasylOTCA HM YCTOHYHBHI JIMUIb B 
CHJIbHO UeJIOUHBIX yCOBHAX —pH pH 9—11. [nuHuctTble MuHepab OOpa- 
3yIOTCH B MeHee IleJIOUHOM OOCTAHOBKe — MarHe3HaJIbHO-2KeJe3HCTbIe XJIOPHTEE | 
np pH 8y Bbluie, MOHTMOpHOHUT mpH pH 7—9, KaoJHHUT B KMCON cpere, 
pH < 7. Moxuo npesnosoxKUuTb, YTO HaGOLaemoe MpeoOpasoBaHHe OHOTHTO- 
BOrO MaTepHaJia B WeOJIMT MpOHCXOAHT B cleludwyecKHX XHMM4eCKHX YCJIO- 
BUAX IPH BbICOKHX 3HayeHHAX PH cpegpl. Ilocmezytoulee pasowKenve WeouuTa 
H Tlepexo, ero B KaOJIMHUT OOYCJIOBJIEHbI Pe3KHM H3MeHeHHeEM XHMHYeCKOH OO- 
CTAHOBKH CYI[eCTBOBAaHHA MOpO HW NOABJIeEHHeM KHCJIOH Cpesbl. 

IIpH w3yyeHHu rH pOXHMHH MOA3eMHBIX BOM, HaCbIlLaloulMx OpcKyloO yruie- 
HOCHY10 TOJIMLY B 9TOM paHOHe, ObIIO yCTaHOBJIEHO, TO B 30HE WeOJIMTOBOTO Le- 
Me€HTa H B ¥YaCTAX Paspesa, Tle MpOHCXOAUT MpeoOpasoBaHHe OMOTHTA B IeOJIMT 
(HHTepBavI rviyOuH 80—300 M HHKe COBPeMEHHOM MOBEPXHOCTH), B MpocsIoAX Mec- 
YaHHKOB H rpaBeJJIHTOB pa3sBUTbI MpecHble TH{pOKapOoHaTHO-HaTpHeBble (coso- 
Bble) BOAbI, COqepxalllHe B CBOeM cocTaBe HOHBI Ca, Mg u Cl. 

Hsmepenuble 3Hauenua Ux pH He npeppuuator 7,5—7,8, oHaKO MIpcyTcTBHe 


B COCTaBe BOJIbI B 3€aMeTHOM KOJIMUeCcTBe HOHa CO} (0 50 mr/s1) MOsBOuAeT Mpen- 
noOJlaraTb HaJIM4He HM OoIee BLICOKUX BeHYHH: pH 8—9Y. B 6oulee rmy6oKux 4ac- 
TAX Paspe3a MOPObI 1Opbl COMepxKaT XJIOPHAHO-HATpHeBble, ca6O CyIbcpaTHBle 
Bolbl. Mx MuHepaiu3aluA KOeOeTCA OT Moule rpamma Jo 19—20 r Ha wuTp. 
Ps JaHHbIX YKa3biIBaeT Ha HX KUCJYIO peaKIMlO. 

TloxBlenne B cocTaBe yrvIeHOCHOi TOMILM XJIOPHAHO-HaTpHEBBIX BOX OODsAC- 
HAETCA MOATOKOM HX 3 HWOKee*KAallLHX COJICHOCHBIX OTIOKeHuH Cm (7). BosHHk- 
HOBeHHe PH pOKapOOH&THO-HaTPHEBLIX BO He BbIABJeHO Zo Kona. E. B. Tnn- 
HeKep CBASbIBAeT OOPas0BaHHe STOO THMAa BOX CO cHeludwyecKuMU rHApoxu- 
MHYeCKHMH YCJIOBHAMM COOTBeETCTBYIONIHX YaCTel paspe3a HM 3aKPbITOCTbIO 
ru poreoorvyecKkou CTpykTypbl (*). [panuia pasfesa OOo“X THNOB BOAbI JocTa- 
TOUHO OM3Ka K PpanHlle, pase Aolleii 30HY WeOAMTOBOTO WeMeHTa HM JexKalllve 
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Puce. 1. Tlopa, sBbitomHeHHad MOHOKpHcTaminuec- Puc. 2, [HHHCToe BelulecTBO CIO*KHOFO COCTaBa 
KHM WeorHToM (4). Ilo mepHdepHH o6n0mouHbIX (22) B MOpe — HavasbHble STalbl MepeKpHCTad- 
sepeH (03) BHAHa mleHouKa xsoputa (x). 300 X. <AH3auHH O6HOTHTOBOTO §=MatepHata. 150. 


Huk. || Hux. 


Puc. 3. TouxkogucnepcHbii 1eOHTOBBIH MatTe- Puc. 4. MonokpuHctaqnyeckoe pBbigqelenHe ue- 
pial B nmope MexKy OOJOMOUHBIMH 3epHaMii OJIHTa B WEHTpe NOP, OKaliMJIGHHOe FIHHHCTHIM 
(03). Bua mieHouka xopuHtTa (x) B nepHdbe- MaTepHaJIOM KpPyCTHHKaWHOHHOTO CTpoeHHs 

pH noppr. 150 x. Hux. |! (ea) H M1eHOUKOH XJopHTa (x). 300 .HuK. jj 


} 
‘AH, rT. 137, Ne 1, Konopyaun 


wxKe YUaCTKM TOJMIM, Te Mpovcxo_uT passoxKenHe WeomuTa H OOpasoBaHHe 
(aOJIHHUTA. 

B cpere Bcero H3/10%KeHHOrO HanGovlee BEPOATHO, YTO OOpasoRaHHe Weo/H- 
‘TOBOTO IeCMeHTa B COCTaBe MeC¥aHO-rpaBHHHBIX YIJIeHOCHOHM TOM OMMCbIBAe- 
fo TEppHTOPHH OOycsOBNeEHO NOABMeEHHeM B paspese B CHMY TeX HIM HHBIX 
PHUHH BHICOKOMLEOUHbIX THApOKapOoHaTHO-HaTpHeBEIX (COMOBBIX) BOA. B 9sToit 
TAaHOBKe B MOPOBbIX MpOCTpaHCcTBaX NeCYaHHKOB HM paBeMUTOB MpOMCXoOLHO 
TeHCHBHOC H3MeHeHHe OMOTHTOBOrO H THpoOuHOTHTOBOrO MaTepHasa c 06- 
soBaHvem 3a cueT Al2xOs u SiOz, Bxo,AMMx B pelleTKy CJOMbI, LeOMHTOB 
OMOHTHTa, TOMCOHHTa). Ca u Na, HeoOxoqumble Aa cbopmMupoBanua 9THX 
AMHEPaJIOB, MOTJIH 34MMCTBOBATLCA H3 CaMOH TMOM3eMHOl Bomb. 3a cuer Mg u 
Fe, Bxojamjux B cocTaB Ovoruta, 4 yacTa AlsOs u SiOz dbopmupoBanca xm0pHT; 
HekoTopbie KosMyecTBa Fe, a Taxxe Ti oOpa3oBpniBaiv BbI,eIeHHA JIMMOHUTA, 
| MHHepasios, AByokucu Ti. CopmecTHoe BO3HHKHOBeHHe XJIOpuTa U 
MeOJIMTOB CBA3aHO, NO-BHAMMOMY, B 3HaYHTeIbHOH CTenmeHH C OJIM30CTbIO XH- 
MHYeECKHX YCJIOBHU, HeOOXOAUMbIX Ja Ux OOpas0BaHHA. DTo npesnomomenne 
OMTBepAaeTcA OOJbIIMM YHCOM paOoT pa3sMUHEIX MCCJIefoBaTeneli, ycra- 


‘ 


COJMMTOB H XJIOPHTA. 
B Tex CiyuUaAx, KOrAa WOPObI C WeOJIMTOBbIM ILEMeCHTOM TIOMalaroT B 4aCTH 


(MpOUCXOANT Pa3JIO*KeHHe WeOJIHTa HU XJIOPHTAa C oOpasoBpaHvem 3a HX CYeET KaO- 
\JHHHTA. . 


TeonornyeckH HHCTHTYT [locrynuuio 
AxkajemMuH HayK CCCP 27 VII 1960 
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IETPOTPA®HA 


B. A. NOCbIJIbHbIN 


M3MEHEHHE YJEJIbBHOrO BECA YIJIEM B MPOLECCE 
METAMOP®H3MA 


(II pedcmaéeaexo akxademuxom A. JI. Axwunoim 27 VI 1960) 


B pesyabtate paOoT nocmequnx sieT (*,7%,1°,17) He MOATBepAUOCh WIMpOKO 
paciipocTpaHeHHoe MHeHHe O HelIpepbIBHOM poctTe yJeJIbHOFO Beca yrvJieH C NOBBI- 
IN€HHeM CTeMeHH MeTaMOpdHsma. 

VcceqoBaHve 3aBHCHMOCTH YJeJIbHOrO Beca OpraHwyueckol Maccbl yrvieit 
OT CTelMeHH MeTaMOpdH3Ma BbIIIOJIHeEHO H aBTOPOM Ha MaTepHaJie TpeTHUHbIX 

yruieh CaxasiwHa, MaJloO pa3/IM¥alOoulnxca 
efem? M10 BeLLeCTBeEHHOMY COCTaBy. ITO rlaBHbIM 


if [—r ers ae @ : o6pa30M KJlapeHOBble yrviM c cojepxKa- 


! HH€M MHKPOKOMMOHeHTOB rpylilibl BATpeHa 
Gonee 90% (*). 

XUMHYyecKHe HM u3sHyeCKHe CBOHCTBAa 
yruieH HccleqOBaHbl XHMMYeCKOH sabopa- 
TopHe Tpecta «CaxaMHyrviereoorHay; 
YAeJIbHbIM Bec OMpeseeH CTaHapTHbIM 
MHKHOMeTpHyecKHM MeToyomM mo TOCT 


tf 


60 1 80 90 Se 2160-49 c HCcnONb30BaHHeM BOJbI B Kaye- 
se CTBe MHKHOMeTpHyeckoH w%uKOCTH. Ilouy- 

H in - 

Puc. 1. SaBpHcHMocTb yyJeabHoro seca NCHS SOO EG whe aes ee 


cyxoro 6e330/bHOro yruia OT cCTemeHH BARES, AOR Ne aM PES cpopmyvie- 
metamopu3ma. /—yran Caxanuna; JI. WepmMopa (Ha KaxKbIM MpOleHT 3OVbI 
2 — yrau Jlon6acca no A. T. Jlona6eno- yylesbHbI Bec yMeHbIeH Ha 0,01), npuMe-’ 
BY; 3 — TOUKH, COOTBETCTBYIOUIHe yraM —HHMOCTB KOTOpOH K CaxXaJIMHCKHM YIJIAM 
H3 30H KOHTaAKTOBOrO MeTaMopdbu3ma; 11 Y . 
4—Toph co cpemumma sHasedmamn OKasaHa aBTopom (1). Uncso ucnob30- | 
yeJIbHOrO BecCa Cyxol 6e3307bHOM Mac- BAHHbIX aHaJIH3OB NPeBbiliiaeT 2 ThIC.; MMU 
cbt 1,48 H coyepxaHHeM yruepofa Ha OXBaYeHbI YrviH BCexX Oovlee HIM MeHee H3y- 
roprouyro Maccy 58% (noC. A. CHaa-  yerpprx MecTOpOxKeHHit. 
KuHy HT. ®. Kuoppe) | 
CpeqHve 3HaveHHA YleJIbHEIX BeCOB H- 
cojlepxKaHHA yruepoxa AA yrneh Caxa- 
JMHa IIpHBogatcs ‘Ha ?pue. 1, re WA cpaBHeHHA JlaHa Tak>Ke KpHBas, Tlo- 
siyuennas A. T. Jlona6eqonnm (°) np uccmeqoBanun yraei Jlon6acca. 3 pac- 
CMOTPpeHHA PHCyHKa CJlelyeT, UTO MHHHMAJIbHbIM YleJIbHbIM BeC OKa3bIBaeTCA 
B OO/aCTH yruel CpeqHHX CTaHii MeTaMOpdu3Ma, 4eM MOATBepxaloTcA paHee 
BHITIOJIHeHHbIe HccJIeqoBaHHa (2,1%,17), 
Ene 6oslee BbICOKHM, 4eM Y OypbIX yruleH, OKasbIBaeTCA YeJIbHbIM Bec TOp- 
tba. KoneOanue storo nokasatena oT 1,38 yo 1,56 C. A. Cunaxun (}*) craBHT B 


3aBHCHMOCTb OT CTeleHH pa3soxweHHocTH. IlocmeqHAA ompeseAeT MH eCTeECTBEH- 
HY!O BuJlaxKHOcTb (15): 


EcrecrBenHaa BlaxKHocTb, % 94,2 94,0) © 9350 9153" 90,8) 600g 
CreneHb pa3moxeHHocTnH, % 5 10 20 40 50 60 
Yyembublii Bec cyxoro 6es3sombHoro Topiba 1,56 4,54 1,54 1,45 1,42 4,38 


Tlopbimenve yXebHoro Beca C pOcTOM CTeMeHH MeTaMOpdusMa BbIe CTaqHH 
ra3OBO-2KHPHBIX yrvieH (I1paBaxA BeETBb KPHBOM Ha pHc. 1) cnellwambHOoro OOpsaCc- 
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HeHHA He Tpe6yer. JleBan Ke, BOCXOMAIad, BeTBh HyKaeTca B Oouee NeTab- 
HOM paCCMOTpeHHH. 
PocT 3sHayeHHii yesbHOrO Beca CO CHH2KeHHeM CTeMeHH MeTaMopdu3Ma OT 
yruieH CpeqHUX CTA HaxXOUT OODACHEHHe JIMINb C MOSHUMH XHMHMM BbICOKOLUC- 
HepPCHbIX HW BbICOKOMOJIEKYJIAPHbIX BelllecTB. Barua, Ha yroOJlb KaK Ha KOJIJIOHI- 
HOe BellleCTBO HaCTOJIbKO WWHPOKO paciipocTpaHeH H oka3aH TaKHM KOJIMUECT- 
BOM S3KCIIe€pHMeHTAaJIbHbIX PaOoT, YTO 9TO Jao Bo3MomHOCcTH I. JI. CramHuKoBy 
(*4) cKa3aTb, 4TO B KOJINIOMAHOM Mpupose riaBHO MaccbI OpraHMyecKHx coe- 
JMHeCHWH HHKTO HUKOra He coMHeBasica. Ho ecaH KONJOHIHaA Mpuposa 
yrJIld COMHeHHH He BBISLIBAeT, TO O XapakTepe YyIruiA KaK KOJJOHa, B Yac- 
_THOCTH 06 OTHOIeCHHH ero K BOJle, BbICKa3bIBalOTCA MPOTHBOPeyMBble MHeHH A. 
{ A. B. [ymancxuii (*), paccmatpuBan ruypodusbHocTh TOpdos, OTHOCHT 
_ yrOJib K THA podoOubIM KOvIou“aM. O ruspodo6uHocTH yruieli ropopuTt ul, JI. Craz- 

HHKOB (*). Ilo mpezcTraBnenusam xe JI. JI. Hecrepenxo (8), BbicoKOMONeKYJAp- 
_HbIe BelllecTBa, OOpasylollve rpynny BUTpeHa, NpecTaBseHbl TH pOuJbHbIMU 
KOO“ LaMH. [uA popubHOCTh UX CHHKaeTCA C POCTOM CTeMeHH MeTaMopdHu3Ma. 
_Ha rugpodusbuyocts Topdos u yruei uMeloTca Mpsamble yKasanua uy T. O. 
Kuoppe (°), KoTOpbIi cuNTaeT, 4TO cpelH OpraHHueckHX KOJVJIOHJOB Hav6osb- 
“Wel afcopOuMoHHoH cnocoOHOcThIO OOslayaloT ryMycoBble BelllecTBa, OCOOeHHO 
| TYMHHOBble KHCJIOTHI Ha OypoyrovIbHoH cTaquu. C aIbHeiIHM NMOBbILIeEHHeM 
cTeleHH yrviepuKalluu cmocoOHOcTb K alcOpOlHu H3-3a «cTapeHHA» KOJJIOHOB 

NagaeT. OG yBemW4eHHH aCOpOUHOHHOM cmoco6HOcTH yraa co CHHxKeHveM 
' cTeneHH yruieuKallHu CBHeTeJIbCTBYIOT HM Apyrve pa6orni (’, °,?%). 

A. B. Jiprkos (7), Hccmeqys MO{MOCKOBHbIe Yrsv, Hallie, YTO Ip CHuxKe- 

HHH BJlaxKHOCTH NpHOmM3sHTeIbHO fo 20% HauyMHaeTcA ycanKa yras. Tlonmmas 
| ee BesIM4HHAa JocTuraeT 5—7%. STO ABMeHHe IWHPOKO H3BeCTHO HM B MIpakTuKe. 
OHO BbipaxkaeTcA B CaMOMPOHSBObHOM H3Me/IbYeHHH HH3KOMeTaMOpdH30BaH- 
_HBIX yrvieH MpH xpaHeHHH u3-3a MoTepH Bos (°). 
' Yopasqo wpe uccsieqoBaHo cBOlicTBO yrsei BbIeNATh TenmoTy mpH 
| YBlaKHeHHU, NPH4eM YCTaHOBJIeHO, UTO YEM HWKE CTeMeHb yrviepHKaluv, TeM 
'Oonbuie BbIeAeTCA TenOTH. M3BecTHO, 4TO BbIeeHHe Ten JIOTHI IpH Norsomre- 
“HHH XKHJKOCTH TeCHO CBA3aHO C KOHTpaklHeli (CxKAaTHeM) OOpasyroulelicA KOWI- 
" NOHO cuctempt (*,7). OObraHO HaGMOaeTCA, 4TO 4eM OOVJIbIe BLILeMACTCA TeMJOT, 
“Tem OOJIbIIe KOHTpaKIUMA CHCTeMbI. CyleqoBaTeIbHO, 4eEM HMKe CTeMeHb yr- 
' JedukKalluu, Tem Ooubliee KOJIM4eCTBO BOJbI CBASLIBACTCA ANCOPOMMOHHO (HIN 
"rHpaTalHoHHoO) u Tem OovibuieH OyeT BeMUMHaA KOHTpaKUMM CHCTeMBI. 

C 3TUX MO3HIMH HeOOXOLMMO paccMOTPeTb MeTOAUKY OMpeleeHuA yleJIbHO- 
ro Beca mo TOCT 2160-49. 

B ocHope cTaHapTHOoro MHKHOMeTpHYeCcKOrO MeTOa ONpeeIeHHA yjleub- 
Horo Beca JI@KHT H3BeCTHbIM 3akKoH Apxumeya. IIpHmMeHuMmocTb 93TOrO MeTOsa 
_K YIM OCHOBAHA Ha Cle yIOUlNX HeAOCTATOYHO HCCJIeOBAHHbIX TeOpeTHueCKHX 
_ mpeqnocpiiKax. 

' 1. Yronb saBIAeTCA TBePbIM TeJIOM, He H3MCHAIOUIMM CBOHX CBOHCTB B 
“HHKHOMeTpHyecKOH %KHAKOCTH (Bose). 

» 2. Boga o6pasyer c yruemM, KaK TBePJbIM TeJIOM, M€XaHHYeCKYIO CMECb. 
_ Ha stux teoperwueckux mpesmocbiiKkax HM 3akone ApxuMega noctpoena u 
_ pacuetnaa opmyla, MpHMeHuMasA JIA ompeseeHHA yflembHOrO Beca BCex 
“TBEPALIX TeJI MMKHOMeTpHuecKHM CTOcOOom: 


: oP (400 — W4)/ 100 
~~ Py—Ps-+P (400—W?) /100 ’ 


‘Tye d° — yyenpupit Bec cyxoro yrs, P — Bec HaBeCKH yrid B rpamMMax, 
Pi — Bec nmuKkHometpa c Boo B rpammax, P2 — Bec NMKHOMeTpa C BOOM u 
‘yraem B rpammax, W? — BulaxKHOCTb yIJIA B IIpOWeHTax. 

V3 pcex Bew4nH, BXOLAULMxX B STy copMysly, BeH4HHA P2 CocpesoTounBaer 
'B ceGe OCHOBHLIe TeopeTHyecKHe MpeMOCbIKH H TpeOyeT nmosToMy Oovlee BHH- 
MaTeJIbHOrO paccmoTpeHuaA. Ecuim uccseqyemMoe BelleCTBO HM Bosa o6pasyror 
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MeXAHHYeCKYIO CMECb, KOFa KOHTpaKUMA He3HayHTeJIbHa, TO TaKOM xXapakTep 
CBA3H BelLeCTBa H BOMbI He BMAeT Ha BeIMUHMHYy P2; opMy.la B WeJOM BepHO 
oTpaxkaeT KaK 3aKOH, JI@Kallluli B ee OCHOBE, TAK H TeEOPeTHYECKHE NpeAMOCbIIKH. 

Kosmuecteo Bofbl B yrsie, Ha KOTOPOe BBOAMTCA NompaBka B pacueTHy!O 
bopmy.a1y, onpeleideTca BLICyIIMBaHHeM yrs MO NocToAHHOro Beca npu 105°. 
CuntaeTcaA, UTO BCA 3TA BOA OOpasyerT Cc yruleM MeXaHHyecKyl0 cMecb. OHako 
3TO He Tak. 3HAaUHTeJIbHOe BbIeeHHe TEMOTbI BbICYWICHHbIM yrvieM IIpH ero 
MOCIeLYIOULeM YBJIaxKHEHHH TOBOPHT O TOM, YTO YACTb BObI, yAaJIAeMOM BbI- 
CylIMBaHHeM, HMeeT Oovlee NpouHy!O (PHSHKO-XHMMYECKYIO CBA3b. 

Ucxoqa 3 H3J1I0%KeHHOFO BbIIMe, MOXKHO C MOJIHbIM OCHOBaHHeM CUHTATb, 
uTO TIpH Norpy2keHHM HccJekyemoro yrJiA B BOY B MHKHOMeTpe OOpasyerca 
6oulee CIOxKHAaA CHCTeMa, 4eM MIpocTad MexXaHHyecKaA CMeCb, a HMCHHO KOJ-- 
JIOWHaA CHCTeMa yrouIb + Boa, HAXOMAMLAaACA B MCXAHHYeCKON CBASH C BONO. 
CreoBaTesIbHO, YaCTb BOLbI H3 OObEMa NHKHOMeTPa YBOAHTCH yrvieM B Ka- 
yecTBe JHCMepCHOHHOM cpeLb H NokBepraetca KONTpaKuHH. Ilostomy BerMuMHa 
P2 B xolle OMbITa MosyuaeTCA 3aBbIIeHHOH Ha BeJIMYHHY KOHTPaKUHU KOJJONI- 
Hoi CHCTeMbI yrouJib + Boga. A Tak Kak P2 BXOJMT B 3HaMeHaTeJIb pacueTHOH 
(opMyJIbI Kak OTPHaTeMbHeA BeMMYHHA, TO OTCIOMa CeyeT: yeM OowbUIe 
HeyUNTbIBaeMan (POpMyNOH BeNHYHHA KOHTPaKIHH, TeM OOJIbIe 3aBbIllaeTcA 
P2, TEM MCHbIIMM OKa3bIBaeTCA 3HAMeHAaTeIb H Oovlee BLICOKHM 3HayeHHe 
yleIbHOrO Beca. 

Orcioa CTaHOBUTCA ACHbIM, YTO MeHee yrviecpHIMpOBaHHOe OpraHHyeckoe 
BeIILeCTBO HMeeT 3aBbIIIIeHHOe 3HaYeHHe «HCTHHHOTOy yembHoro Beca. B cHH- 
2KeHHH THAPOPHJIbHOCTH HaxXOMUT cBoe OObACHeHHe MH YMeHbIWeHHe yebHOrO 
Beca Topda C pOCTOM CTenMeHH pa3JIO*KeHHOCTH. 

Jina loulyyeHuA eHCTBHTesbHOrO yeIbHOrO Beca B pacueTHYy!O dopmyvly 
TOCT 2160-49 Heo6xoxuMo BBOLUTb NompaBKy Ha KOHTpaKkUHlo. 

Tak Kak P2 3aBbllllaeTCA Ha BEMYHHY KOHTPakWHH, HEOOXOMHMO YMeHBINHTb 
ero Ha 9Ty BemH4HHYy AV (B MHWMAMTpax Ha 1 TF cyxoro yr uM Topda). 


a 
Torga monpaBka Ha Beco HaBecky P 6yeT paBHa AVE ce reams a pacueTHaa 
cbopMyJia NpuMeT Buy 
Bas P (400 — W4) / 100 
Ee eas ? 
j 400 —W? 100 — Ww? 
Py— -= pS | i 
; [ Pa a a )+ 100 
JK 
Hee P (400 — W*) / 100 
Kea ’ 
400 — Ww? 
Py;—P Pa Ay 
1 2+ 100 (1+ AV) 


rue dx — yesbubiii Bec cyxoro yruia WIM Topda, paccuvTbIBaeMbIi C y4eTOM 
KOHTpakwHu, AV — KOHTPpaKkUMA KOAJIOMAHOM CHCTeMBI «yro/ib + Boa» B MHJI- © 
JMIMTpax Ha | r cyxoro yraa (Topda), a 3HayeHua P, Pi, P2 uw W? npuBogu- 
JIMCb BBIIUe, 

B cayaae AV = 0, T. €. Korma KOHTPaKI[HH He MpOHCXOAHT HIM OHA O4eHb 
MaJla, POPpMyJa IpHHHMaeT BUA pacueTHou dopmyut TOCT 2160-49. A tak kak AV 
YBeJIMUHBaeTCA K HH3KOMeTAMOpcH3OBaHHbIM YIM HM Topdy, TO HM yieJb- 
HbIM BeC B 3TOM HalpaBJIeHHH pH BBeeHHA NOMpaBKH B pacueTHyl0 Popmyaly 
OyeT yYMeHbULATECA. 

JIMopuIbHOCTBIO YA B UIMpOKOM CMbICe COBa OODACHAeTCA HasMuHe 
MHHHMyMa yjleJIbHOrO Beca Ha CpeMHHX CTauAX MeTaMopdu3Ma MpH HccJesO- © 
BaHHAX He TOJIbKO B BOse, HO H B APyrHX KHAKOCTAX, TAKMX, Kak, Halpvmep, 
cmecb OeHs0N1a HM YeTbIPexxJOopucToro yruiepogza Hu Op. 

Hirak, yieJbHbIii Bec HA3KOMeTaMOp(H3OBaHHbIX yrviei, OMpekeseHHbI m0 
OCT 2160-49,— sennunna ycnopHas, “60 np ee onpesereHHH He y4HTbIBa- 
€TCA BJIMAHHe KOHTPaKUHH KOJIJOHAHOH CHCTeMbI yroJlb + Boa. LleHHoe 3Ha- 
WeHHe STON BeJIMYHHbI COCTOHT B TOM, YTO OHA OTPaxKaeT cTeneHb yrvietpHKalHu 
rYMYCOBBIX yrieH HUSWWMX CTaHH, OCHb YYTKO pearupyA Ha H3MeCHEHHe CBOMCTB 
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KOJINOMMHOH Maccbl. B yacTHOCTH, 9Ta BeENMYHHA ABMIAeETCA JONOMHUTebHbIM 
KpUTepHeM Jit pasyeneHHa OypoyroubHO HM KaMeHHOyrowbHOH cTaquit. Jaa 
yrueH CaxaiMHa 9Ta rpaHnia onpefensetca BervuHHon 1,30. Bomee «TaxKenbie» 


_yrau mpu C" menee 80% oTHocaTca K Gyppim, a Goviee «lerkKHe» — K K@MeHHEIM, 


C yyeToM Apyrux noKasateveli mo 3HayveHHIO MMKHOMeTPHyeCcKOrO ye/bHOrO 
BeCa MOMKHO CpaBHHBaTb Mexy Cobol Oypble yruiu, mpHuem Gosee «TAKE JIbIE» 


_ OKa3bIBaIOTCA MeHee yruecdHUMpoBaHHbIMH. 


Hakounel, HeoOxo,uMo OTME€THTb, UTO METO ONPeMeJICEHHA YJeJIbHOrO BeCa 


yrJlA, KAK BbICOKOANCHepCHOoro (KOJIIOMAHOrO) BeLLeCTBa, 3aCJIYKUBACT oco6oro 


BHHMaHHA M TpeOyeT cBoel pa3spaOoTKH, Tak Ke KaK HM MeTOA oMmpememeHua 
BeJIMYMHbI KOHTPaKUMH KOJWJIOHAHOM CHCTeMbI yroulb -+ Bola. 


UWlaxTHHCKHi HayuyHO-HCCefoBaTeNBCKHH Hi [ocrynuso 
IIPOCKTHO-KOHCTpyKTOpCKHH YIOJIbHbIli HHCTHTYT 12 VI 1960 
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Jloxrnaynn Akagemun nayr CCCP 
1961. Tom 137, Ne 1 


JIHTOJOTHA 


T. T. KJTYBOBA 


O TEHE3HMCE MEJIOBbIX PJIMH 3ANMNAHO-CHBUPCKOM 
HH3SMEHHOCTH 
(ITpedcmaeaeno akademuxom H. M. Cmpaxoeoim 15 VIII 1960) 


B Teyenve MOocJIelHHX MATH JIeT ABTOPOM MIPOBOAMNOCb JMTOMOrO-MHHepasio- 
rHuecKkoe HCCIeLOBaHHe PIMHHCTHIX MOpOA MeOBOH CUcTeMbI SanaqHo-Cu6upcKon 
HH3MeHHOCTH 10 OOpasilaM KepHa u3 Bepesosckoi, XaHTbI-MancuiicKou u Om- 
CKOH ONOPHbIX, CKBaKHH. 

JletasibHoe H3y4eHHe MHHepaJIbHOTO COCTAaBa 9THX TVIHH, Ip KOTOPOM OoVIb- 
i10€ BHUMaHHe yeIAI0Cb HOBOOOpa3OBaHHbIM TVIMHUCTbIM MHHepaJiaM, M03B0- 


JIMJIO ABTOPY ClelaTb BHIBOT O IpeHMYILecTBeHHO oO6JIOMOUHOM NpOHCXO*K TCH 


PIMHUCTHIX MHHepasiOB B HCCJIeOBaHHbIX riMHaxX. Munepabuble HOBOOOpa3o- 
BaHHA BIvIMHaX HMCIOT HACTOJIbKO Y3KO JIOKaJIbHOe paciipocTpaHeHHe, 4TO OHH 
He MOryT MpHBecTH K MOJIHOMY HC¥e3HOBeHHIO YePT MATePMHCKHX MOpos, WaB- 
IHX MaTepHaJl JIA OOpas0BaHHA TIMHUCTHIX MOpog,. 

MunepasibHbIit CocTaB ryIMHHCTEIX Nopoy us BepesopcKou, XanTbi-Mancuii- 
ckoH HW OMCKOii OMOPHbIX CKBaxKHH, PaCMOJIOMKeHHbIX Ha SHAYHTeJIbHbIX pac- 
CTOAHHUAX pyr OT Apyra, OKa3avicA OMHHAKOBbIM. OCHOBHBIM Moposoobpa3yio- 
UIMM KOMIMOHeHTOM HX ABJIAIOTCH MHHepaJibl rpynnmbl rugpocmogx. B ravnax 
HWKHEFO MeJia B KayecTBe MOCTOAHHOM H 3HaYHTeJIbHOH MpHMecH MpHcyTCTByeT 
KaOJIMHUT, B TJIMHaxX BepxHero Mejia — OeheJHT. 

[ugpocosb B riMHaxX HHKHErO MeJIa HMeIOT MOM 9JIEKTPOHHBIM MHKPOCKO- 
TIOM IIP€HMYIIeCTBEHHO H3OMeTPHYHbI raOuTyc, KOTOPbI yKa3bIBaeT Ha OOJIO- 
MOUHBI HX TeHe3sHc. AJWIOTHTeHHOe MpOuCXxox*KAeHHe KaOJIMHHTA MOATBepxKIa- 
eTCA HE TOJIbKO eFO MCeBLOrekcaroOHaJIbHbIM C OOJIOMAHHbIMH WJIM pa3MbITbIMH 
KpasaMH raOuTycoM, HO H HasM4veM OoOMbUIOrO KOMMYeCTBa OOJIOMKOB KaOJIHHH- 
TOBbIX JIHH B MleCuaHO-aJIeBPHTOBLIX Noposax H3 TOrO *Ke cTpaTHrpadnyeckoro 
MHTepBaJla, UTO CBHeTeIbCTBYeT OO HHTCEHCHBHOH 9PO3HH KOPbI BbIBeTPHBaHuA 
B TlepHog c(opMupoBaHHA STHX Nopogx. KomHuecTBO KaOJIMHHTa YMeHbUlaeTCA NO 
Mepe J.BIXKeHHA BBepX 10 paspesy HM yxKe B PIMHaX aJlbOa OH efBa Y1aBJIMBaeTCA. 
YMeHbINeHHe KOJIHNeCTBa KaOJIMHUTa BBepX MO paspe3y MOKeT ObiITb OODACHE- 
HO J1M60 He3HauHTeJIbHbIM eFO NOCTYMJIeHHeM B GacceHiH, HOO JHareHeTHYecKoH 
lepepaOoTko ero B MOpCKHX ycJlOBHaAX. HaM KaxKeTCA, TO CBASbIBATb HC4e3- 
HOBeHHe KaOJIMHHTa B TJIMHaX BePpXHHX TOPH30HTOB HMKHeFO MeJia C JMare- 
HeTHYeCKOH MepepaOoTKou ero B aHHOM CJly4ae HeT OCHOBaHHH, TaK KaK B Te- 
yeHHe BCeroO HHXKHEFO Mela COJIEHOCTb BOX OaccelHa OCaKOHAaKOMJIeHHuA Oblia 
HeCKOJIbKO HWKe HOpMpl (?). Ilo mHennio Tpuma, B ycJIOBHAX OMpecHeHHbIX 
MOpCKHX OacceiHosB JHareHeTHyecKasd NepepadoTKa KaOJIMHUTA HeT 3HAYHMTEIbHO 
cla6ee, 4M B HOPMaJIbHO-MopcKoi cpefe. Mcxoya u3 9TOTO, ecTecTBeHHee ObIJIO 
Obl OXKULATb YMCHBINCHHA KOJIMYeCTBA KAaOJIMHUTAa B Ooslee JpeBHHX MO BO3- 
pacTy ropu3oHTax, Tak KaK IIpH paBHbIX YCJIOBHAX COJIeHOCTH BO OacceliHa, 
MlaBHaA POJIb WOJWKHA MIpWHaexKaTb BPCMeHH_CONPHKOCHOBeHHA IJIMHMCTHIX 
MHHepaJIOB C MOPOBbIMH pacTBOpaMH. 

IIpuBenenHble coobpaxkeHvA He HCKIOUaIOT BOSMOXKHOCTH JHareHeTH4eCKHX 
MpeoOpasoBanhii TIMHUCTHIX MHHepaJiOB, MpHHeCeHHbIX B GOacceliH. 

IIpu HaMuuH B KaKOii-TO uacTH OcaqKa cneludpHuecKux TeOoxXHMHYeCKHX 
yCNOBMH (CKOMJIeHHe OpraHuuecKoro BellecTBa, BbIfeseHve KapOoHaTOB), pH 
KOTOPHIX OMpeyeJieHHble TVIMHMCTbIe MHHepaJbl (HaNpWMep, TuApocsofa) He 
MOryT CYUIeCTBOBaTb, OHH PaCTBOPAIOTCA, 3aMellladCb MHMHepaJiaMu, ycTOHuH- 
BbIMH B STHX YCJIOBHAX, OHAKO MAaCUITAObl MpeocOpasoBaHHH He3HauHTeJIbHH. 
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ABTOpoM MO{poOHO onucaHbl BbIeeHHA AMareHeTHueCcKOrO KaOJMHHTa B 
WKHEMCIOBLIX PIMHaX M3 OMCKOM ONOpHOM CKBaxKHHbI, OOpasoBaBlleroca B 
esyJIbTaTe H3MCHeEHHA THAPOCMOAb NOL WelicTBHeM yrmekucuoTHI (2). 

PHApocsosbI B rvIMHax BepXHero Meda OTMUAIOTCA OT THApocso, M3 HWKHE- 
€JIOBLIX TIMH Ooslee BbICOKOM CTeMeHbIO ruApaTHPpOBaHHOCTH H 3HauHTe/IbHOM 
MictlepcHocthi0. TuppaTalua MpHBOAMT K CHHKeHHIO NOKasaTemel mpeomse- 
HA, ABYNpeOMeHHA MU yebHOrO Beca FHApOCMOAUCTEIX MHHepasoB. 3HauH- 
| TebHad JUCNepCHOCTh rHApOcMOAUCTHIX MHHepaJIOB OTpakKaeTCA Ha XapakTepe 
MHTepepeHUMOHHEIX JIMHHH THpPOCMOAbI, KOTOPble OTMMYaIOTCA HeKOTOPOH 
pasMbiTOCTbIO 4 Audppysuoctpi0. [lox s1eKkTPpOHHbIM MHKPOCKONOM Bep XHeMeJIO- 
Bbie THAPOCMOAbI HMewOT BU, MeJIKUX H3OMETPHUHEIX MaCTHHOK, Kpas KOTOPbIxX 
{| MpeMMyllecTBeHHO HescHble. B nenHTOBOl dpakWMH MOXKHO HaOsMIOLaTb MMCTOU- 
KH TH{pocsosbl, MO KpaiM W3MeHsAIOlelica B OelienHT (GelienuTH3HpoBaH- 
‘HbIe THAPOCMOLb!). 
< Hecmorps Ha TO 4TO BepXHeMeJOBbIe THApocMOLbI Sovlee THpaTHpoBaHbl 


CTemeHb AMCMepcHOCTH HX YaCTHIL BbIIe, YeEM Y FHAPOCMO_ HS HHXKHEMCMOBBIX 
JIMH, AJIIOTHTeHHBIN reHe3HC UX He BbI3bIBAeT COMHEHHII. 
*  Tlomumo ruypocmoyb B rivHax HMKHErO Mela IpucyTcTByeT MHHepaJl MOHT- 
MOPHJIJIOHMTOBOH rpynnb — Oelijeur. 
|  CswyeTenbcTBoM Toro, 4YTO STOT MHHepas MOHTMOPHJWIOHUTOBOH rpynnbl AB- 
“ aseres OelieIIMTOM, CJIYKUT HaMuHe Ha MOPOUIKOBLIX peHTreHorpamMax 
‘HuTephepentvonnoi munuu 5,01 A smecto 4,97 A, suauu 4,51 A BMecto 
444A ut. og. 
_ Boplie yxe oTMeyasocb, 4TO THAPOCMOAbLI BepXHeTO MeJla ABMAIOTCA CHIbHO 
“THXpaTHpoBaHHbimu oOpasoBaHHAMH. [uspatallua rufpocmo, MpABOAUT K NO- 
‘Tepe HMM KaJINa, T. e. K CO3,aHHIO yCJIOBHi IA H3MeHeEHHA THApoco_ B MH- 
HepaJIbl MOHTMOPHJJOHHTOBOH rpynnbt. JlanHbie H3yYeHHA MHBepabHOrO CO- 
“CTaBa MeMMTOBOM (pak BepXHEMEJIOBLIX TIMH TaK2Ke CBHJeTEIbCTBYIOT O 
"TOM, 4TO MpOvCXOAUT H3MeHeHHe THApocsioL B OelipenHT. 
_ Tenepb octaeTca pemwuTb Bompoc O TOM, re MpOvCXO_WIM 9TH H3MeHeHUA 
Be isccnon B 6eielHT —B 30He JIM BbIBETPHBaHHA WIM B 30HE OCaKOOOpa- 
B0BaHHA B CTayiMIo AMareuesa. 
_  IJpoteccht quarene3a Npv3BaHbl yCTaHOBHTb TeOXHMHYeCKoe paBHOBecHe 
“Me@xKLy cpefo ocayKooOpas0BaHiA HM MMHepaJIbHbIMH KOMMOHEHTaMH, MpHHe- 
_ CeHHEIMH B 30HY OcaqKooOpasoBaHHA. IIpu 9TOM JOsKHa MpOMCXOAMTb 3ameHa 
'MHHepaJiOB, HeyCTOMUHBLIX B aHHOM reoxXHMHYeCKOH OOCTaHOBKe, Ha MHHepa- 
“ob, KOTOpble MPH STHX YCJIOBHAX ABIAIOTCA HavOosee YCTOHUMBbIMH. 
_ Tak Kak ycnoBuA oOpa30BaHHA THpoCcOAbl HW MOHTMOPHJIJIOHHTa OFeCHb 
 OH3KH, eBa JIM OyeT HeEOOXOAMMOCTb B HareHeTHueCKOH 3aMeHe OJHOFO MHHe- 
‘paja Apyrum B oOcTaHOBKe, B KOTOpOM OHH OOa yCTOHUMBHI. 
_  AwnoTHreHHoe mpoucxoxeHve GeiienuTa B rIMHaX BepXHero MeJa NOJ- 
' TBepxKaeTcaA TakxKe MOCTOAHHLIM MpHCyTCTBHeM B 3THX PWHaX KPHcTOOasHTA. 
P AccouvaluA MOHTMOpHJJIOHUTa C KpHCTOOaIHTOM HaGIOMaeTCA MOUTH BO BCeX 
_MOHTMOPUJIIOHUTOBBIX TMH ax (oraHJHHCKOM OeHTOHHTe, THIAOK H Jp.), 06- 
Pa3soBaBIIuxcA Ha Scpy3HBHbIx noposax, memse, Mele MU Ap. 
HeBosMoxkHO MpelNo0%KUTb BOSHUKHOBeHHe KpHCTOOAIHTAa B Mpolecce Ha- 
TeHe3a, TaK KaK JIA ero OOpa30BaHHA HYKHDI BLICOKHe TeMMepaTypbl (He HHDKEe 
~300—400°), KoToppie’ TpyqHO OxKHaTh Ha STHX PyOuHAX. 
_ Takum o6pa30m, mopofooOpasyroulve MHHepaJIbl BePpXHeMeCJIOBbIX TVIHH, 
“Tak 2Ke KaK HM PIMH HWKHEPO Media, O6A3aHbI CBOHM OOpasOBaHHeM He MpoleccaM 
Deca, a MpoOlleccaM pa3pylleHHA COOTBeTCTBYIONIMX MAaTepHHCKHX Nopog. 
% 
4 


Toctynuvio 
8 VIII 1960 


t IJHTHPOBAHHAS = JIATEPATYPA 


1T. T. Ka y6osa, JIAH, 134, Ne 4(1960), 2 HW. A. 1OpKesuu4, Mannanpuo- 
ote gis XapaKTepHCTHKa Me30KaiHO30HCKUX OTJOKeHHA Boctouxoro 3aypanpa, Haq. 
» 1959; 
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Worsayn Akanemun nayr CCCP 
1961. Tom 137, N 4 
PHCTOJIO‘THA 
K.P. UMTKOB : 


PUCTOXHMUYECKAS XAPAKTEPHCTHKA TKAHEH, f 


} OKPY)KAFOLAX METACTA3SbI OMYXOJIN BPOYHA — MUPC 
; B MNEYEHb 
; (ITpedcmasaeno akademuxom A. H. Baxyaeseim 7 1X 1960) 


CorjacHo OHO 43 CyecTByIONIHxX KOHUenluii, H36upaTenbHad OKaJM3a- 
IMA MeTaCTa30B B 3HaYHTeIbHOM CTeMeHH OlpeeiseTCA KAKHMH-TO ciellMdH- 
4YeCKHMH H3MCHCHHAMH XHMH3Ma B MeCTaXx peaJIH3allHH Tpoduyeckoro pediekca 
¢ MepBuyHOrO oOnyxoueBoro oyara (!-§), 

B nave pasBuTua u JabHelimero OOOCHOBaHHA STOH KOHIenlHN Soubu0e 
_ 3HaveHHe NpHvoOpetaeT M3yyeHHe H3MeHeEHHi XUMHYECKHX MH (PU3HKO-XHMHYECKHX 
| YcOBHi TKaHeBOli cpeybl B IpemMetacTaTHyecKHii MepHo HM YCTaHOBJeHHe CBASH 

9THX H3MeHEHHH C NpolleccaMH peasiH3alluu ONyxOJIeBoro pocTa B MeTacTa3ax. 

b Ha ocHopanuv OHOXHMHY4eECKHX paGOoT H3BeCcTHO, YTO TKAHb MO cocescTBy Cc 

ONyXOJIbIO OTMYaeTCA MO CBoOeH XHMHYeCKOH HM (PH3HKO-XHMHYeCKOH XapaK- 
TepHcTHKe OT HOPMAJIbHOH TKaHH HM OT CaMOH onyxouH. Tak, OuMxKalmHe K 

| onyxouM TKaHH, NO cpaBHeHHIO C OCTabHOH TKAHbIO, CosepKaT MOBbINIeHHOE 

KOJIMYECTBO MOJICKYJIAPHOM BOLI, KaJIMA HIM HATPHA (B 3aBHCHMOCTH OT BHIa 

_ ONYXOJIM), XOJlecTepHHa, ayTOJIMTHYeCKHX depMeHTOB, rHaJlypOHHAasbl WH T0- 

| HYKEHHOe KOJIMYeECTBO MMHEpaJbHbIX COCTABHBbIX yacTeli M KaTawasbl. HaOsto- 

_ aeTcA CBM aKTHBHOM peakIMH TKaHH, OKPyKaloleH OMYXOJIb, B KHCJIYI0 
cTopouy (*-?°), 

Mcxoga u3 MpHBeseHHbIX OMOXHMHYeCKHX JaHHbIX, a TakKxKe Ha OCHOBaHHH 

_TOrO (akTa, 4YTO FpyNMbl ONyXOJIeBLIX KJIeETOK MO%KHO OOHAPYKUTb B TKAHAX 

_ 3afoIro JO BOSHHKHOBeHHA B HHX MeTaCTa30B, HYKHO JOMYCTHTb, YTO H3BeCcT- 

Ha pOJlb B BOSHHKHOBeEHHU MOpdoJIOrHyeCKHX HW PHCTOXHMHYeCKHX H3MeHeHHH B 

HpeMeTactaTHuecKHi NMepHo MOxKeT MPHHaieKaTb H peaKTHBHbIM H3MeHeEHHAM 

TKaHeH B CBA3H C O4araMH Pa3BHBaIOULMXCA MeTAaCTAasOB. 

, C lesbio NpeososeHuA TpyAHOcTeH, CBASAHHBIX C LudpdepeHlMaJIbHOH OlleH- 
KOH BOSHHKAIONINX B NpeMeTacTaTH¥ecKHit MepHO H3Me€HeHHH, Mbl CuHTaJIH 
HeOOXOJMMbIM H3YYHTb rHcTOTOMOrpaduio H83MeHeHHH XWMM3Ma TKaHeH, OKpy- 

 *KAalOWMX MeTACTAa3bl 3JIOKAYeCTBEHHOH OMyXOvIH. 

a Salayei mpeliaraemoi paOoTbl sABUJIAIOCb — HCIONb3yH MOpdoulorH- 

yeckHe MH FHCTOXHMHYeCKHe MeTONbI UCCJIe,OBaHHA — MO BOS3MOXKHOCTH ycTa- 

HOBHTb: 1) HallpaBsleHHe H OCOOeHHOCTH H3MeCHEHHA OOMEHA BellleCTB B KJIeTKAaX 

HM TKaHAX, OKPyKaloujHx MeTacTasbl OMYXOJIM; 2) 3aBMCHMOCTb HHTCHCHBHOCTH 

XMMHYeCKUX WH PH3HKO-XHMMYeECKUX H3MeHeHHH B STHX TKAHAX OT pasMePOB Me- 

TacTa3a H ero MopdoviorMyueckux ocoGeHHocTeli; 3) CyeCTBOBaHve onpejeseH- 

' HOTO pajManbHoro rpayuvenTa B rHcTOTONOorpapHH H3MeHeHHH TKaHeBOrO XH- 

j MH3Ma BoKpyr oMyxoueBoro ouara. 

‘ B KatecTBe COOTBeTCTBYIONeH MOfeJIM JIA THCTOXMMHYeCKOLO HCCJeLOBaHHA 
- ObIJIH HCMO/Ib3OBaHbI MeTACTa3bl B TKAHb TeveHH OT 32 KPOJHKOB C STIMTeJHOMOH 
BpoyHa—Ilupc, npusutoi untTepTecTuky/IapHo HIM B CTeHKy 2%eslyAKka. Mera- 

_cTasbl Opasiucb y *XMBOTHHIX, 3A0HBaeMbIX B TipoMexwyTKe Mexyy 10 u 30 Hem 

_focuie NpuBuBKH. I]pu mpoBeseHHH HeEKOTOPbIX THCTOXHMHYECKUX OKpacoK Jo- 
NOMHUTEMLHO HCHOMb3OBAIMCb MeTacTasbI B TKAHH MoweK. Bcero H3y4eHo OKOVIO 

100 meracrasos. Matepuan cbuKkcuposaun B 10% HelitpaibHom dbopmMauuue, [lex- 

_kKep-bopmouie, no [laGaqanry, 96° cnuptom nu B »xHAKOcCTH KapHya. OxpacKa 

Hi cChellMdwyeckue peakUMn ObIIM MpOBeeHbl Ha puOo- HM esoKcMpHOOHYKJIeHHO- 

By!0 KHCJOTHI, MIHKOreH, PiOTAIMOH WH JIMMMbI. 

Mopdoaoruueck oe u3y4eHHe MeTacTa3oB onyxouH bpoyHa—I Iupc B ne- 
4eHb MOKa3asl0, YTO OT OKPYKalOU[MX TKaHeH OHH, KaK NpaBHJIO, OTTPaHHYeHbl 


185 


= ey 


KOJIbILeBOH 30HOH TKaHeH (K. 3. T.), COCTOAMeH H3 5—8 U Ooee PANOB YIJIOULEHHELX , 
JleOpMHPOBaHHIX, BLITAHYTHIX NeveHOUHIX KJleTOK. K. 3. T. XapakTepH3yeTca 
HAPYWIeCHHeM PalHaJIbHOCTH B paciOMOReHHM MeyveHOUHEIX KJeTOK H GaslOYHOCTH 
CTPYKTYPbI MeveHH; B Wpeleax STO 3OHbI HaO/OMaeTCA OTEK TKaHeH, COMPOBO- 
*KalOuLMlicA pacuIMpeHHem MpoctpancTs Jlucce c AMallesesom B NocseqHve SpH- 
Tpowu“Tos. Ilo okpyKHOCTH MeTacTa30B onyxo1H BpoyHa—IIupe B neyenb Ha6- 
JMOLaeTCA pasIM4HOM CTeMeHM BbIPaxKeHHOCTH PeaKTHBHAA MHDWbTpalAA (MM- 
(OMMTH, MOHOWMTH, Makpodaru, MasMaTMuecKWe KJleTKH M HeHTpOUJI), B 
CaMOM MeTacTa3e JIMMPOMAHbIe CKOMMeHHA OOpasyloTCA BOKpyr OY¥arOBbIx HeK- 
po30B OMyXxoOvleBoH TKaHH. 

Pu6o- HW Re30KCHPHOOHYKACHHOBAA KUCAOTH. KomHuectTBo 
colepxKaulelica B KneTkKax PHK spastetca MokasaTesiemM WHTeHCHBHOCTH OeJI- 
KOBOrO CHHTe3a, CIEOBATeJIbHO H YPOBHA OOMeH KMSHEeATeIbHOCTH KJIETOK 
(41-18). [lo mpetaparaM, OKpallleHHbIM Me€THJIOBbIM 3eJIeHbIM H NMpOHHHOM (a3yp 
1]-203HHOM), MOXKHO CYHTb O HEOAMHAKOBOH MOTeHIMH K POCcTy KJIeTOK pa3JIH4- 
HbIX yuacTKOB MeTacta3sa. Han6osee BbICOKy!0 CTelleHb Oa30uJIMH NOKAa3bIBaloT 
onyxouleBble KJieTKH Ha yuacTKaX MpopacTaHHA MMM OKpyxKaloulux TKaHen, 
HM BooOule B MepHiepHuecKHX, WHTeCHCHBHO pacTyW\MX u“aCTAX MeTACTA3OB, 
YTO OCOGeHHO BbIPaxKeHO B KPYNHBIX MeTAacTa3ax, OOJIbULYIO YACTb KOTOPHIX 3a- 
HMMaeT 30Ha HeEKpo3a. 

OxpyKaloulad MeTacTa3 TKaHb MeveHH, BKOUaIONLaA Jo 20 pxAOB MeyeHou- 
HbIX KJIeTOK, Ha OTJ\@JIbHBIX YYaCTKaX OKPYyXKHOCTH MeTacTa3a OKpallIMBaeTcA 
MIMMpOHHHOM cJlaOee, 4YeM KOHTPOJIb, H, 4YTO OCOOeHHO BayKHO, cylaOee, 4eM 
TKaHb, pacioioxKeHHad BHe Mpefetow ITOH 30HbI. HanpoTus, KieTKH, He- 
MOcpeCTBeHHO MIpHwiexKaulwe K MeTacTa3sy MO ero OKpyXKHOCTH (K. 3. T.), MO 
CpaBHeHHIO C OCTaJIbHOM MapeHXHMOM NMOKAaSbIBAaIOT OoJIee BbICOKYy!O CTeMeHb 6a- 
30puIHH. OnvcaHHble BapHallMH B HHTeHCHBHOCTH OKpaCKH KJIeTOK NeveHH, 
pacNOJIOXKeHHEIX BOJIH3H OT MeTacTa3a, MOryT ObITb H He BbIpayxKeHHbIMH HJM 
BbIPaXKeHHbIMH JIMUIb B OUeHb CJlaOOH cTeleHH. OnpeleseHHo 3aBHCHMOCTH 
MexKLy HaJIH4HeM YKa3aHHbIX BapHallui H COCTOAHHeM COOTBETCTBYIOMNINX Y4aCTKOB 
MeTaCTa30B yCTaHOBHTb He yJlaJiocb. 

OrTueTMBoro H3MeHeHHA KOTHYecTBa JLHK B okpyKaloulHx MeTacTa3bl KJeT- 
KaX IledeHH OTMETHTb He yalocb. B KleTKax K. 3. T. YBeJIM4HBaeTCA NO CpaBHe- 
HHIO C HOPMOH KOJIM¥eCTBO ABYANepHbIX MeyeHOUHbIX KJieToK. J[BysAyepHOCTb 
ABJIAeTCA OHM H3 MoKasaTesieH MopdovlorHyecKoH H OMOXHMHYeCKON MepectT- 
poHKM MeveHOuHOM MapeHXHMbl MW CBUeTeIbCTByeT O pa3{parxKeHHOM COCTOAHHU 
ee KJIeTOK. KosMuecTBo JBYAepHbIX MeyeHOUHIX KJIeTOK Bo3pacTaeT pu pase 
MaTOJIOrHyYeCKUX COCTOAHHH OpraHH3Ma, B YaCTHOCTH B Mpollecce HHAYKUHMH re- 
TlaTOMBI C MOMOMLbIO OpTOaMHHOasoTOVYyoua (14) H B Mpolecce mMopdosornyeckou 
HW OMOXMMMYeCKOH MepecTpOHKH NeveHH Y 2KMBOTHEIX C NPHBUTbIMH 3/10KayeCTBeH- 
HbIMH OIYXOJIAMH (HeONyOJHKOBaHHbIe aHHble). 

[ 110T AMMO (cybruspHbuble rpynmbl) M aCKOpOHHOBAA KuCIOTA, 
B kKJleTKax ruOTAllHOH BbIABJIAeTCA B BAe 3epeH H rpaHy.I, HMeIOWLMX HHTCHCHBHO 
CHHUH UBeT Hu B BAe Audpy3HoH 3epHucToctTu (MeToy Llespemona nu Ppesepnka). 
B kyleTKax K. 3. T., Ha OTJ@JIbHBIX Y4aCTKaX OKPY2KHOCTH MeTacTa30B, HaGvIIO- 
WaeTCH 3aMeTHOe YMEHbINeHHe KOJIMYeCTBAa TIOTalMOHa MO CpaBHeHHIO C KiJeT- 
KaMH OCTaJIbHOM TKaHH NeyeHH HW C KOHTPOJIEM; MOXKHO FOBOPHTb O HaJIH4HH OII- 
pee/leHHoro rpalveHTa B H3MeHeHHH COepxKaHHA rioTallMoua B OKpyKalolet 
MeTacTa3bI MapeHxuMe MeyenH. I[pH usyseHHu MeTaCTa30B B TKaHb MOUKH BBI- 
ABHACb OOPaTHad KapTHHa: KJeTKH, MpHsexKall\ye K MeTACTa3aM, MOKa3bIBalOT 
S3HAYHTeJIbHO Ooslee HHTCHCHBHYIO peaKIMIO Ha TJNOTAHOH MO CpaBHeHHto C OCc- 
TaJIbHOH TKaHbIO. 11 B TOM HM B ApyroMm cilyyaax HaGOMaeTCA upesBEIuaiHHO HU3- 
koe CofepKaHve PiOTalMoOHa B OMyXOJIeBbIX KJIeTKaX, UTO HAXOMHTCA B COOT- 
BeTCTBHH C JlaHHbIMM OMOXHMHYeCKHX (1°) MH rucTOxHMHYecKHX (1°) pa6or. 
B metacrasax rOTALLHOH BbIABIAeTCA B BHe Me/KOH 3€PHUCTOCTH B OMYXOJIeBLIX 
KJleTKaX, MpWJle*Kalllux K K. 3. T., H B 3JIeMeHTaX CTpoMbI. HamwMuna Kakoli- 
J1MOO CBA3H MexKy pa3MepaMH MeTacTa3sa M XapaKTepOM M3MeHeHMi B copep- 
Kan PUOTALHOHA B KJieTKaX MapeHXHMbI NeyeHH He OOHAapy2KeHo, 
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Puc. |. Coyepxanue MIHKOreHa B KJI€TKaX MeCYeHH KpOJIHKd. @ — KOHTPOVJIbHbIC AHBOTHBIe; 6 — 

*KHBOTHBIe C OOWIHpHbIM MOpay*KeHHeEM MeTACTA3aMH BHYTPCHHHX OPraHOB 3a HCKJIIOYCHHEM Tleye- 

HH, P| Wl@Hb OMIbITAa; 6 — 2KHBOTHbIC C MeTaACTa43aMH TIeC4YeHH, 10 JICHb OMbITAa, BHAHO pe3kKoe Ia- 

JeHHe KOJIHYeCTBa IHKOreHa B MapeCHXHMe, @ — *KHBOTHbIC, KOTOPbIM Only XOv1eBbIit MaTepual 
Obl NpHBHT HeMOcpeACTBeEHHO B TKAHb TIeCYeHH, 10 jeHb ombita 


JUAH, tT. 137, Ne 4, UWhutKos 


[aukoren. Y sf0poBbix XHBOTHBIX KJeTKH MeyeHu upesBbyaliHo OoraTH 
uKoreHoM (pxc. la). [pu npuBusKe onyxonu Bpoyna — [lupe B anuKo —c 06- 
pasoBaHvem OoVIbINIMX OMyXONeBbIX Macc B OpIOWIHO MomocTH c Mopaxkenvem 
MeTacTa3aMH MOYeK, CaJIbHHKa, OpbpKeHKU, CepO3bl TOHKUX HW TOJICTbIX KHUIOK, 
Auabparmbl, HO He MeyeHH —B KJleTKax MocseqHei HeCKONbKO YMeHbmulaeTcA 
KosMuecTBo riukorena (puc. 16). B onirax c NpHBuBKOli oMyxoueBoro MaTe- 
pHasia B CTeHKy *XKeJyKa pu oOpasoBaHHu B Heit KPYMHbIX OMYXOJeBbIX Y3J1I0B 
{zo 1,5 cm B 2HaMeTpe),— HO TakxKe B OTCYTCTBHe MeTaCTa30B B TeyYeHH — MBI 
He MOrIM OOHAPYXUTb OTYeTIMBOrO CHHKEHHA IMKOreHa B MeYeCHOUHbIX KJIeT- 
Kax. Bmecte c Tem pv oOpa30BaHHu B TMeveHH Jlaxke OMMHOUHBIX MeJIKHX 
MeTacTa3s0B (MamMeTpom fo 1 MM), BHe 3aBHCHMOCTH OT cpoKa, Mpoulesuero 
€ MOMeHTa MPHBHBKM OllyxOJleBoro MaTepHadla HM JOKaJIM3allHH NepBuyHOrO 
OlyxoseBoro oyara, MpOHCXOHT cepbesHoe H3MeHeHHe yrsleBoqHOrO OOMeHA. 
STO M3MeHeHHe BbIpakaeTca B Oovlee HIM MeHee MOJHOM’ HCue3HOBeHHH PvH- 
‘KoreHa H3 KJieTOK TeX JOJIeK NeveHH, B KOTOPLIX HaOwOLaeTcA o6pasoBaHHe 
MeTacTa3a. [IMKOreH OOHAaPy2XKHBaeTCA JIMIIb B OTJCbHBIX KJIeTKaX HM KOM- 
fiieKcaX KJIeTOK, pacllOJO*KeHHLIX BOKPYyr WeHTPasIbHOH BeHbI; B OCTAJIbHbIX 
KuleTKax JOIbKH PIMKOreH BHIABAeTCA JIHUIb BBUe OTMENbHLIX MeJIKUX cu1a60- 
ee eecesex gepeH. KueTKH MHOrHX JOuIeK, OCO6eHHO IPH HaMUHN B TKaHH 
KPYMHBIX MeTacTasoB, JaloT OTPHUaTebHy!0 peakIHIO Ha riMKoren (puc. le). 
‘(OnvcaHHad KapTuHa HaGmogaeTcaA B JOubKAaX MeyeHH KaK MpHerxKaMx K Me- 
TacTa3y, TaK WM paciiOJIO*KeHHbIX Ha PaccTOAHHH, MpeBbIalONleM B COTHH pa3 ero 
Auametp. CpaBHuTesbHoe OHOOOpasve KapTHHbI OGEJHEHHA TKAHM NeveHH PH- 
KOFeHOM He M03BOJIAeT TOBOPHTb O HaJIHYMM pajlMasibHOro rpayveHTa B H3Me- 
HeHHM ero cofepxKaHHA B KleTKaX MeveHH, OKPyXalOulMX MeTAaCcTasbl. 

SiplmeHve UCueSHOBCHHA IIMKOreHa M3 MevyeHH, MMerlollel MeTaCTa3bl, HHTe- 
\peCHO COMOCTAaBHTb C TeM, 4TO HaG/IOJaeTCA Y MOMOMbITHIX %KHBOTHBIX MPH MpH- 
‘BUBKe on yxo7u bpoyHa—I lupe HenocpecTBeHHO B TKaHb NeyeHv. B neyenu pas- 
(BHBaeTCA KPYNHBbIi OMyxXOJeBbIii y3e1; KOJMYeCTBO TIMKOreHa B OKpy2Kaloulel 
ero MeveHOuHOH MapeHXWMe He3HaYyHTeJIbHO CHHKaeTCA MO CpaBHeHHIO C HOpMOLi 
(puc. lz). Sro yMenbiweHve KomMYecTBa rIMKOreHa HaGOJaeTcA MpeHMyule- 
CTBeEHHO B KJleTKax NepHtepHuecKHx yacTeli MeyeHOUHbIX oe. 

Mcxoxa u3 MpvBeleHHEIX BbILIe JONOJIHHTeIbHEIX JaHHbIX MO COJepKaHHIo 
(rMKoreHa B KJleTKax NeyeHH, He HMelollleH MeTacTa30B, pesKoe laleHHe KOJIH- 
MecTBa MIMKOreHa B TevyeHH Mp HX OOpas0BaHHH MOXKHO ObIIO Obl OObACHHTS 
(HapyuieHveM rvIMKOreHooOpa30BaTeJbHOH GyHKUMH MeveHH WIM YCHJIeHHeM 
pacxoOBaHuA riMKorena MO, BMAHHeM OUara OMyxoseBoro pocTa (MeTacTa3a). 
(OfHako OTCYTCTBHe palWabHOro rpayWeHTa B H3MeHeHHM COsepxKaHHA IHKO- 
TeHa B MapeHXxMMe MeyeHH, OKPyrKalollel MeTacTasbl, H JaHHble, MOJyYeHHble B 
OMmbITax No MpHBUBKe onyxouu bpoyua — [lupe nemocpecTBeHHO B TKaHb MeyeHH, 
@enaoT BbICKa3aHHoe OObACHeHHe MaJIO BePOATHHIM. 

Mbt cuvTaeM BO3MOXKHBIM IPHHATb Culeqyioulyio padouylo rumotesy. Peskoe 
MafleHve KouIMuecTBa rIHKoreHa B MeveHH Ip OOpas0BaHHN B Hel MeTaCTa3OB 
CTOUT B CBA3H C NepecTpoHKoli OOMeHa OpraHH3Ma C IPHBUTOH 31OKayecTBeHHOH 
OMyXObIO, H B YACTHOCTH ero yruieBOLHOrO OOMeHA; 9TA NepeCTpOHKa 3aXBaTHI- 
BaeT TakxKe lleyeHb H OOYCJIOBJIMBaeT BOSHAKHOBeHHe HM POCT MeTAaCTasOB B Heil. 
‘Takum o6pasom, pe3Koe Nafenve KosMuecTBa rIMKoreHa B meveHH MpH o6pasona- 
‘WHY B Heli MeTaCcTa30B ABJAeTCH OJHUM M3 MpOABJIeHHM ITOH CHelMpuyecKkor 
‘HepecTpoHKH XHMH3Ma MeyeHOUHOK TKaHH. 

Jiunuu. Bmpouecce pasBuTua onyxouu Bpoyua—IIupc, npuBuTon HHTep- 
TeCTHKYJAPHO WIM xe BCTeHKY %KelyKa, HaOMOMaloTCA NPH3HaKH Me/KOKa- 
MebHOrO OXMpeHuA KsleTOK meyeHH. TO ABJeHMe OTMeyeHO Kak IIpH 
MeTacTa3ax, TaK HM Ip Hx OTCYTCTBUM. OOpasoBaHHe MeTAacTa3OB B TKaHH NevyeHH, 

POBox alonleecA MOUTH MOMHbIM HCUeSHOBeEHHeM TVIMKOreHa W3 KJeTOK Me- 
pHibepuueckux yacTeii MeyeHOUHEIX JOJIeK, He BeJeT K HaKOMJIeHMIO KPa B CO- 
WTBETCTBYIONIMX KJeTKax. HaoOopot, HakonJieHHe *Kupa HaOsoflaeTca Tpeumy- 
-MecTBeHHO B KJleTKaX WeHTpaJIbHbIX YacTel AOJIbKH, YTO HAXOMMTCA B IIPOTHBO- 
peuHH C JaHHbIMM, COracHO KOTOpbIM HallpaBJIeHHA MpoOleccoB HaKOMNJIeHHA U 
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pacxoOBaHuA PvIMKoreHa WM 2Kupa B KJleTKaX MeyeHOUHOK AOMbKH AMameTpasb- 
HO MpoTHBonosoxKHb! (17). B cayyae KpyMHbIx MeTacTaso0B, OOJIbIIaHd 4aCcTb 
KOTOPHIX 3aHATA HEKPOTHYeECKOHM 3OHOH, HaOwOMaeTCH WKUPOBaA MHDUIbTpPalMA 
5—8 pAMOB MeveHOUHbIX KJIeTOK, IIpHslexkaulMX K OKPyXKHOCTH MeTacTa3a Ha OT- 
JI@JIbHBIX yuacTKax K. 3. T. BoKpyr MeJIKHX MeTaCTa30B KMPOBAaA HHDUJILTpaluA, 
Kak IIpaBHJIO, OTCYTCTBYeT WIM BbIpakKeHa JIMMIb Ha OTAeCbHbIX yuaCTKaXx MIpH- 
Jlexkallei K HUM TKaHH. B cocTOAHMM %KMPOBOM HHDUIbTpalHu HaxOAATCA TaK- 
*#Ke KyMdepOBcKHe KVeTKH K. 3. T. 

CyMMUpysA H3JI0xKeHHOe BbILMe, MOXKHO BCe H3MeHEHHA MOPoJIOrHu WM XHMH3- 
Ma B TKaHAX, OKPYyKalOUlHX MeTACTa3bI, YCJIOBHO cBecTH: 1) K H3MeHeHHAM, 
BOSHHKAIONIMM BCJIeMCTBHe MeXaHHy¥eCKHX IIPH4HH, B pe3yJIbTaTe ClaBJIMBaHUA 
KJleTOK OpraHa IIpW MpeHMYLeCTBeHHO SKCIaHCMBHOM pocTe meTactTasa (Hapy- 
weHHe OaslOuHOH CTPpYKTYpbl MeveHu, AesbopMaluA HM ATPOPUA MeYeHOUHHIX KJe- 
TOK, pacuiHpeHue mpoctpancts JIucce); 2) K H3MeHeEHHAM, CBA3AHHbIM C TOKCH- 
YeCKHMH BJIMAHHAMH MeTaCTa3a (*KHPOBad HHHJIbTpallHA MeYeHOUHBIX KJeTOK, 
NOABJIeHHe JIMMPOHAHbIX CKOMJIeHuii); 3) K H3M€HeEHHAM, OTHOCHMBIM K KaTe- 
rOpHH OOULeCHCTeMHbIX HapywieHuii MeTaOovIM3Ma (MeKOKanesbHOe O*KHpeHHe | 
KJIETOK TleueHH, YBeJIMYeHHe YHCJa ABYAepHbIX KJIeETOK, pesKoe NafleHve KOJIM- 
yecTBa riuKoreHa); 4) K H3MeHEHHAM peaKTHBHbIM, OTParKalONlMM MpoTHBosel - 
CTBHe OpraHu3Ma ONyxo/leBOMy pocTy MeTacTa3a (JIHM@OHHbIe CKOMJeHHA. 
duOpolactTuyecKkaA peaKklns). | 

TakuM O6pa30M, B OCHOBe TpyNNHPOBKH HaGJIOaeMbIX H3MeCHECHHH JlexKUT 
pa3siMuve B Tex (POPMaX BJIMAHHA, KaKWe pacTyW{HH MeTaCTa3 OKAa3bIBaeT Ha 
KJIETKH OKPy2KaloulHX erO TKaHeH, HHTCEHCHBHOCTb HM XapakTep TOH MepecTpoHKy, 
KOTOpax COBepilaeTCA B OPraHH3Me C MpHBUTOH 30KayeCTBeHHOM onyxoubio. Ha- 
JHuMe OlpeesleHHOro yOblBaiollero pafHaJbHOorO rpayventa MOpdoJIornyeckux 
WM PrHCTOXHMHYeCKHX H3MeHeEHHH JIA OOJIbINMHCTBa M3Y4eHHbIX HHPpeAHeHTOB yc- 
TaHOBHTb He yilasiocb. XapaKTep H HHTCHCHHOCTb H3MeHeHHH He CTOMT B IIpAMOM 
3ABHCHMOCTH OT pa3MepOB MeTaCTa3a MH B H3BeECTHOH CTeMeHH OlpesesAeTCA Ha- 
JIM4HeM H pasMepaMH HeKPOTHYeCKOH 30HBI. 

MsmeneHus, HaGwOaemble B KJleTKaX TlapeHXHMbI OpraHa, OKPyKaloulux 
MeTacTa3bl omyxoHu BpoyHa—I lupe, cBuyeTebCTBYIOT O HapyilieHuu OeKOBOrO, 
yruieBoqHoro M *kHpoBoro OOMeHOB. M3mMeHeHuA MOpdosIorHH H XHMH3Ma OCO-| 
OeHHO 3Ha4HTeJIbHbI B KJleTKaX HeMocpeCTBeHHO MpHJiexkallleH K MeTacTa3y KOJIb- 
IleBOH 30HbI TKaHeli, 1O-BAHMOMY, 3aXBaTbIBaH He TOJIbKO MeyeHOUHbIe KJIeTKH, 
HO MH BCe 3JIeMeHTbI CTpoMbI. B cBxA3H C 3THM MOMKET ObITh NOCTAaBJeH BONpoc oO 
TOM, B KaKOli Mepe IIPOABJICHHA Pe3HCTeEHTHOCTH OpraHa (OpraHH3Ma) MO OTHO- 
IN€HHIO K OyXOJ1eBOH TKaHH — B CbopMe CNellM*uyecKoH MH HecMelMuyecKoH KJe- 
TOYHOH HM TKaHeBOH peaKUWH — OyyT 3aBHCeTb OT YCJIOBHH, CO3alollHxcA 
B TKaHAX B Mpollecce pa3BUTHA HMIJIaHTaTa 3JIOKaYeCTBEHHbIX KJICTOK. 


TocylapcTBeHublii Hay4HO-HCCeqOBaTebCKH Tlocrynu0 
OHKOMOFHYeCKHit HHCTHTyT HM. IJ. A. Tepuena 1 1X 1960 
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Jloxknagn AKkanemun Hayk CCCP 
1961. Tom 137, N 1 


: MHKPOBHOJOFHA 


B. fT. MJIAKYHOBA 


) 0 BO3SMO)KHOCTH PETYJIMPOBAHHA pH CPEbI MO XOJY 
PASBHTHA MAKPOOPFAHH3MOB C MOMOLIbIO 
MOHOOBMEHHbIX CMOJI 


(I pedcmasaeno axademuxom B. H. Hlanowxuxoseim 10 V 1960) 


| OMHMM 43 BaKHBIX [IA pasBHTHA MUKPOOpraHH3MOB *akTOpoB, YacTO JIH- 
(MHTHPYtOUMX MX PocT, ABIAeTcaA pH cpegul. PasBuTue B HeOarONpHATHbIX 
yenosuax pH 3atpyquser usyyenue o6mena BemecTB y MAKpoopraHH3moB. Tak, 
‘Hanpumep, u3yyeHHe HcMoIb30- 

‘BaHHA OpraHvyecKHx KUCJIOT 

“aKTHHOMULeTaMH - MpowyiweutTa- pH 
MMU TeTPallMKJIMHOB BeCbMa 3a- 6 
TPpyAHeHO BBHY HeO1aronpuar- 
Horo pH, cosaromeroca BcKope 
Mlocle Hayaa pasBuTus ('). 

IlpumMeHsemble pH KYyJIbTH- 
BHpOBaHHH MUKpOOpraH3MoOB 
‘MeTOILI peryiuposanua pH 
Cpebl C MOMOLULbIO Mela H pa3- 
NHYHEIX OydhepoB o6salaioT 
PANOM HeOCcTaTKOB, CBA3aH- 
HbIX C BOBJIEYeEHHeEM 3STHX Coe- Puc. 1. Kpussie ruTpopaHHa: A — CHJIbHbIi KATHOHHT 
WMHeHHH = =B OOMEH BelleCcTB, (annouut), B — cna6blii KaTHOHHT (aHMOHUT) 
B3aHMOfeHCTBHeEM HX C Mpo- 

AykTamu oOmena ws co3aHueM BbICOKHX OCMOTHY¥eCKHX JaBseHHi. Kpome 
Toro, OydepHad eMKOCTb YKa3aHHBIX BelleCTB HeBeIMKa, a MIpefesbl BOSMOXK- 
HOCTH peryiMpoBanua pH orpanMuenutt. 

TIpeamaraembii Hamu MeToy peryMpoBaHua pH c nomonybiO HOHOOOMeHHEIX 
CMOJI JIMIMIeH STHX HeOCTATKOB HM MOxKeT ObITh IIPHMeHeH B OFPOMHOM OOJIbILIHH- 
cTBe cilygaeB. PasHoo6pasue HOHOOOMeHHEIX CMOJ MO3BOIAeT BbIOPaTb Hau6o- 
Jee MNOAXOMAMLyIO W3 HUX JIA Kaxloro KOHKpeTHOrO CJlyuad, 

VYoHoo6MeHHbIe CMOJIbI ABJIAIOTCA BbICOKOMOJIEKYJIAPHbIMH, HepaCTBOPHMbI- 

MH B Boje H OOJIbIIMHCTBe pacTBOpHTeJeH OpraHHyecKHMH COeLMHeEHHAMH: KHC- 
JIOTAMH WJIM OCHOBaHVAMH. 
_  B cmomax-Kucnotax (KaTHOHUTaX) UMeIOTCA KHChble Ppynnbl: KapOoKcHJb- 
‘HBIe, PeHOMbHbIe HIM cybhorpynnsl, CnocoOHbIe AaBaTb COTM C KaTHOHAaMH. 
‘B cMOwax-ocHOBaHHg”Xx (aHHOHHTAaX) HMeIOTCA OCHOBHBIe Ppyinbl — oObldHo 
A@MHHHbIe, CHOCOOHbIe JaBaTb co Cc aHHoHamH. Ilostomy AA WMOHOOOMeHHEIX 
CMOJI MOKHO HaNHvCaTb ypaBHeHHA AMCCOMMaMH: 


me-gh6 HCL (NaOH) me-ak6 HCL (NaOH) 


RH. 23 R7-+ nHt JA KATHOHUTOB, 
R (NH2),, -+ mH,O = R (NHs), + mOH- qt annonutos. 


VispecTHo, 4TO KpHBbIe THTPOBAHHA HOHOOOMEHHBIX CMOJI aHaJIOTH4HbI KpH- 
BbIM THTPOBAahHA KUCJIOT M OCHOBaHHIi. M3 KpuBbIx pc. | BuAHO, 4TO Ha ONpe- 
ReneHubix yuactKax (ab u a’b’) pH nouru He 3aBuCHT OT KONHYeCTBa IpHOaB- 

ACMOH KUCHOTHI (UleOuH). DTOT (bakT HW MOxXKeT ObITb MCMOIb3OBaH WIA pery- 
sMposku pH. 
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HoHOo6MeHHbIe CMOJIbI MOXKHO HCMOJIb30BaTb, C OMHOH CTOPOHbI!, AIA TOU- 
Horo nosepxaHHa pH Ha 3aaHHOM ypoOBHe IIpH pasBHTHH MAKpoopraHusma, 
C [pyroli CTOpOHbI, AIA yCTaHOBJIeHHA HeOOXOAMMOrO, 3apaHee paccuHTaHHorO 
XapakTepa u3MeHeHHA pH B xofe KYyJIbTHBApOBaHHA, 

B 3aBHCHMOCTH OT TeHJeHIHH JaHHOrO MHKpoOopraHH3Ma TOAKHCATb HJM 
NOMMeNaIMBaTb cpely CuelyeT HCMONb3OBaTb KATHOHUT JIM AaHHOHHT. 

OueBHHO, 4TO AIA CO3aHHA BbICOKHX (BbIWIe 9) HIM HH3KHX (HMxKe 3) pH 
cyleLyeT TIPHMeHATb, COOTBETCTBEHHO, CHJIbHbI AHMOHUT HJIM CHJIbHbIM KaTHO- 
HUT. OjHako JA OoubUIMHCTBa MAKpoopraHH3- 
MOB OTITHMAJIbHbIMH ABJIAIOTCH pH, OnH3kue K 7, 
mojylepxkaHve KOTOPbIX locTHraeTcA MpHMeHe- 
HHeM CJ1aObIX HOHHTOB. IlosTOMy MbI OCTaHOBHM-’ 
Ca TlofpoOuee Ha TeOpHH IIpHMeHeHHA HOHHTOB 
HMeHHO 9TOrO THA. 

Pas6epem cnoco6 pacuera KOJIM4eCTBA CMOJIE, 
{pe aap HeoOxOHMOro AVIA perysupoBanua pH, ucxosa 
u3 puc. 2, re MpHBeeHa KPHBaA THTPOBaHHA 
aHHOHHTa, Jlalollero HavabHoe 3HayeHHue pH 


{ 
; { 
' \ 
{ 
Zi 16 (a 
| 
\ 
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B OCHOBHOH, T. e. OH-cbopme, oKosio 8. Jlonyc- 

/ THM, 4TO HavabHoe 3HayeHHe pH cpegb Aou- 
; 2%KHO ObITb paBHo 6. Tora cmMowly “acTH4HO 
ery ss & hee HY2KHO IlepeBecTH B COvleByIO dopmMy oOaBue- 
me-ah8 HCL ——— HHeM 3 MI-3KB KHCOTHI Ha | r cmoub. Jonyc- 


TUM, J\aslee, UTO B Pe3YJIbTATe 2KU3HECATCJIbHO- 

Puc. 2, Kpupas THTpoBaHHA aHH- CTH MMKpoopraHH3sma oOpa3yetca 0,03 mona 

ofa ae OMHOOCHOBHOK KHCIOTH Ha 100 Ma cpeabl, a Ko- 

HeuHoe pH He JospKHO ObITh HuxKe 4. Kak BUHO 

u3 rpacuka, KaxKbili FpaMM CMOVJIbI MOXKeT HeliTpasM30BaTb J9—3 = 6 MI-3KB 

KucyIoThI, T. e. 0,006 Mousa ofHoocHOBHOH KucwoTHI. Jia HeliTpanMsauun BCeH 

oOpasyloleiicn KucOTE! noTpeOyetca 0,03/0,006 = 5 r cmonpt Ha 100 ma 
cpempi*. B o6uem Bue sopmyia OyfeT BbIrIsqeTb CiexyrouluM oOpasom: 


K5 CES , 

re K—kouuyectBo cmoupi (Br); M — oOulee KOHYeCTBO KHCJIOTHI (OCHOBaHHA), 
KOTOpOe HYKHO HeliTpasH30BaTb (B MOJIAX); @— KomMuecTBO HC](NaOH), coor-- 
BeTCTBYIOUee HYKHOMY KOHedHOMY pH (B mr-9KB Ha |r cmMovbI); b — Komu- 
yectso HCl (NaOH), coorsercrByrolulee HYXHOMY Ha¥aibHOMy pH (8 Mr-9KB~ 
Ha 1 rcMovbl), IpHyem a H b HaXOMATCA H3 COOTBETCTBYIOUeH KPHBOH THTPOBa-— 
Hud, M — paccuntpipaetca. 

Yroul HaksIOHa yuacTKOB KpHBbIxX ab u a’b’ (puc. 1) y pasmM4HDIxX CMOu 
pasmueH. Uem TowHee HY2KHO NofsfepxKHBaTb PH, TeM MeHbUle, eECTeECTBEHHO, 
Ou2KeH ObITb YrOJI HakJIOHa STOO y4acTKa Ha KpHBOH THTpOBaHHA BbIOUpae- 
MOH cCMovIbI. Buiarolapa pa3sHooOpa3Hi0 MOHOOOMeHHBIX CMOJI BCerfa MOKHO 
MoLoOpaTb TakylO CMOJY, Y KOTOPOH MoulayKka NpHxoquTcA Ha HyxKHOe pH. 

Jlannpiii Mero, Obl MpoBepeH MpH KyJbTHBHpOBaHHH akTHHOMuLeTa Acti- 
nomyces aureofaciens JIC-b16 — npofyuenta xJlopTeTpaluksMHa Ha Mpeio- 
XKEHHOH HAMM CHHTeTHYeCKOH Cpese MpocToro cocTaBa, Ha NpHMepe KaTHOHUTA 
let? *. 

IIpeqBaputTesbHble OMbITb] NOKasayiM, uTO KaTHOHUT CI-1 HeToKcuyeH Aa 
yKa3aHHOrO aKTHMHOMHLeTa axe B KosMuecTBe 30 r Ha 100 Ma cpeqb HW HE 
BJIHMAeT Ha OOpas0BaHHe HM aHTHOMOTHKA. 


* Pacuer JaeTCA B MpeMMOOXKeHHH, YTO BHINeAMIOWLAACA KHCOTa NO Cuyle He ycTynaeT HCl. 
B cayuae oprannyeckHx KHCJIOT HEOOXOAUMO MO/Ib3OBaTbCA KPHBOIi THTPOBAHHA CMOVIbI COOTBET- 
CTBY!OMleH KHCOTOM. 
** TlpakTuyeckh yacTo yoOHee HCHOMb3OBaTb COseBLIe (POPMbI HOHHTOB. Torga Np MOAKHC- 
JI€HHH Cpelbi HCMO/Ib3yeTCA KaTHOHHT, a IPH MOAWeawHBaHHH — aHHOHUT. PacueT KOJIMUeCTBAa 
CMOJIbI IIPOH3BOAHTCA aHasIOrH4Ho, 
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Cpela uMejla cueqyroulm coctap (B %): ranuepuH 4, (NHs)2SOa 0,6, 
KeHPO, 0,035, NaCl 0,2, MgSOa-7H20 0,02; FeSOa-7H20 0,001; ZnSO. 0,001; 
MnSOa:7H2O 0,0008; CoCle 0,0003; auctunmupopanHan Boga. HayanbuHoe 
pH 6,8. 

___ Kak BHJHO, B COCTaB CpeIbI BXOAHT PUSHOMOFHYeCKH CHJIBHO KHCad COJIb 
-(NHa)2SOs. JleiicTBuTebHO, pH KyJbTHBUpoBaHuU Act. aureofaciens JIC-b16 
a WaHHOW cpese pasBuTHe OblvIO OUeHb He3HAaYHTe/IbHbIM, PH uepes 48 yac. 
Maza Jo 3 wu pocT MMKpoopraHH3Ma MOJIHOCTBIO 

mpekpamiaica (puc. 3,6). 

_ (pH o0apnenun B cpeqy  paccunTannoro 
‘“KomMuecTBa KaTHoHUTa CI-1 (KomM4eCTBO CMOVJIbI 
“PpacCYMTBIBaIOCh B MpeANOOKeHHH, 4TO BeCb 
-asoT (NH«)2SO4 norpe6usetca u OGpasyetca 9K- 
BHBaJIeHTHOe KOJIHYECTBO CepHOH KHCJOTHI) pa3- 
BHTHeE AaKTHHOMHIleTa MpoTeKasIO HOPM@JIbHO, a 
pH gepxanocb Ha ypoBHe 5—5,3 (puc. 3, a). 
»  Bos3moxxHoctw peryiuposanna pH, orKkppipaio- 
‘WWveca MpH HCMOb30BaHHH HOHOOOMeEHHEIX CMO, 
-MOryT ObITb elle Oosee pacuinpeHLI MpHmMeHeHHem 
-cmeceli HOHHTOB, a TaKxKe CMOJI pasJIHYHOH cTe- 
“MeHH «CUIMTOCTH», T. e. coywepxKallux pa3sJIM4HOe’ Puc. 3. Kpuppie usmeHenua pH 
KOJIMUeCTBO JHBHHHNIOeH30N. m0 xony paspuTua Actinomy- 


J 


|  Vlonoo6menutie cmon mupoKo mpumenstotca S&S aureolaciens JIC-B16 a— 

3 co cmooH, O —6e3 CMOVIbI 
-B XMMMM 4M OvoxuMuH (?). OnH, OFeBHAHO, MOryT (KouTpom) 
TIPHMeHATLCA WH B MHKPOOHOJIOPHH He TOJIBKO Kak 
)perynatoprl pH, Ho u Ana perymupoBanuarHs, nyTeM NpHMeHeHUA CHelMasb- 
-HBIX OKHMCJIMTCIbHO-BOCCTAHOBHTeJIbHBIX CMOJI. HakoHell, ¢€ TOMOLIbIO HOHOOO- 
_MCHHBIX CMOJI MOXKHO H3ONPATeJIbHO NOFOWLaTb U3 CpebI Te HJIH HHbIe MpOMYKTHI 
'oOMeHa MUKpoopraHH3mMa H, HaoOopoT, MOCTeMeHHO BBOJMTb HyXKHOEe BeMLeCTBO. 
_ Takum o6pasoM, HOHUTbI OTKPbIBaIOT HOBbIC MepCneKTHBEI Jia u3syyeHHA 
/oOmMeHa BellecTB y MHKpOOopraHH3MOB H aKTHBHOrO BMelIaTeJbCTBa B HePo. 
_  Astop npuHocuT ruyOokyto OuarogapHocth akag. B. H. Wanomuukosy 
3a PYKOBOJCTBO paOoTol. 


ae ee EE 


SEK dt PH 
a 48 Te 96 yat 
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Jloxnann AkawemMun nayr CCCP 
1961. Tom 137, Ni 4 


BHO®H3SHKA 


B. B. TONMNOB 


AECTPYKUWMA PJIA3SA KAK CJIEXCTBHE BHYTPHPJIASHBIX 
ONEPAUMH, CHEJIAHHbIX NOCJIE SHAUNTEJIbBHOrO 
HOHH3HPYFOLUETO OBJIYYEHUA 


(ITpedcmasaeno axademuxom H. H. Wl maaveaysenom 26 1X 1960) 


OcHOBHOli pe3yIbTaT HaCTOMMLeli paSoTb! HMeeT XapakTep CJlyyaHHOH HAaXOKH, 
KOTOPY!1O MBI OOHAPYXKHJIN B CBA3H C HaUIMMH MHOYOJIeTHHMHM OMbITaMM TIO HH- 
BepCHH OKPyrvioro xpycTaJHka B Tla3y HU3IIMX MO3BOHOYHbIX XKHBOTHBIX BO 
BpeMA HX MocJesaposbuueBoro pasBUuTHA. B mocmeqHee BpeMA B 9THX OMbITAaX 
ObIIO HCMOJIb30OBaHO B KayecTBe MeTOAHYeCKOrO MpHeMa peHTreHOBCKOe OO- 
Jyuenve, YTO H MpHBewIO Hac K YCTAHOBJICHHIO COBeEPWeHHO HOBOrO NOHATHA OG 
«XHPYPrHyecKOM MOCJeleHCTBHH» OTHOCHTeEIbHO CHJIbHOH MOHH3HpyrouleH pa- 
J\MallHH IPH OMepaTHBHOM BMellaTeJIbCTBe B ruia3Hoe AOI0KO. KpatKoe o60cHO- 
BaHHe 9TOTO NOHATHA MW ABJIACTCA OCHOBHBIM IIpeMeTOM Halllero COOOMeHHA. 

ONHUTH 10 BAHAHHW HOHH3SHPyYWMero H3NYYCHHA 
Ha OOpaTHOe BPpameHHe HHBEPTHPOBAHHOTO Xpy- 
¢Tawsamuxk a. [IlocpeqcTBoM 3THX ONbITOB MbI MIbITaIHCb OTBETHTb Ha BO3HHK- 
WH Y Hac BOMpoc, 4YTO yepoxKHBaeT pasBUBaIOUMicA XpycTaJMK B CTporo onpe- 
J{@JIGeHHOM T1OJIO%KeHHM B Tla3y WO OOpas0BaHHA WHHHOBbIX CBA3OK, KOTOpble 
NOABJIAIOTCA B Ipolecce pa3BHTHA, KaK MpaBHJIO, OTHOCHTeJIbHO MO3QHO: B 
KOHIe MeTamMop(o3a y OecxBOCTHIX AaMPHOHH, TObKO MOCse pORAeHHA Y HEKO- 
TOPbIX MJICKOMHTaIOuHX H T. A. BMecte c Tem MaJlehiliee CMelleHHe MepesHe-3ay- 
Heli OCH XOPOLIO NOJIAPH3OBaHHOrO XpycTaJIMKa Nepel MOJMHbIM CPOpMH POBaHveM 
IMHHOBbIX CBA30K IIpHBeJIO Obl K CYULECTBEHHbIM HapyWeHHAM OMTHYeCKHX OT- 
HOWeHHH BHYTpH Tvla3a, HU TaKOH rwia3 JaxKe MO OKOHYAHHH CBOerO pasBUTHA 
He OblJI Obl cloco6eH K OOpa3HOMYy 3peHHto. 

UroObl No_ouTH K pelieHHIO MOcTaBJeHHOrO BOMpoca, Mbl CileasH TaKoH 
ONBIT: H3B/leKaJIH Yepe3s paspe3 B POrOBUlle XpycTaJIMKM y JIM4HHOK pa3Hooo- 
pa3HOro BOspacTa, a MOMYTHO HM Y CeroseTOK OecxBOcTbIX am*uOuM; MOBOpa- 
YHBaJIM W3B/IeYeHHbIe XpyCTaJIMKH MpHMepHo Ha 180° BnepeqHe-3aHeM HalpaB- 
Ji@eHHH WH B TaKOM HHBEPTHPOBAHHOM COCTOAHHH MOMellaIH HX OOpaTHO B xXpy- 
CTaJIMKOByIO KaMepy rvia3a. Oxka3aJlocb, 4TO TaKHe HHBEPpTHPOBaHHble xpycta- 
JIMKM UCIbITHIBaIOT B OMe€pHPOBaHHOM [via3y MefJieHHOe OOpaTHOe BpallleHHe U 
cnycTa 4—8 JHelt IpHxXOAAT B MpexkHee, HOPMAJIbHOe AIA HHX, MOsMo*meHHe (%). 

Yxxe B TMepBoM CoOGleHHH Ha 3aTpoHyTyi0 Temy () Obla ccbopmMy/IMpoB Ha 
SJIeKTpHyecKkadA, BepHee 9JIEKTPOMarHHTHaA THMOTesa, C MOMOLLbIO KOTOPOH 
MbI TIbITaeMcA OObACHHTb MeXaHH3M OOpaTHOrO BpalleHHA, a C/eMOBAaTe/bHO, U 
HOPMaJIbHOrO MOJIOXKeHHA PaSBUBaIOIHXCA XpyCcTaJIMKOB. CorsacHo 9TOM ru- 
TOTese «peryJAWHA MooxKeHHA» (8) MooLoro xpycTasHKa OOycJioBeHa pa3- 
HMUeH HM B3aMMOselCTBHEM 3JIEKTPHYeCKHX TMOTeHUMAJIOB CeTYaTKH, POFOBHLLbI 
M OOOMX MoyOcoB camoro xpyctauKa. MoxHO ObIO MpeqMONO*KUTb, YTO Ne ef- 
HHH, OTPHlaTebHO 3apsxKeHHbIli, MOOC XpycTaiMKa HauMHaeT OTTA/IKMBaTb- 
CH Mocyle HHBeEpCHH OTPHWaTeJIbHO 3aPpAXKeHHOH CeTYaTKOH HM MpPHTArMBaTHCcsA 
MOJIOXKUTEMbHO 3apAKeHHOH POPOBULelt, a 3aHHM, MOJIOMRKUTEIbHO 3ap AXKeHHBIM, 
Mosioc +BCTYNaeT B TakHe 2Ke B3aHMOJelCTBHA C MOJIOKUTeEbHO 3apAKeHHOU 
poroBulleH HW OTPHaTeMbHO 3apAxKeHHOM CeTUaTKOM. 
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_ He ocranaBumBasich Ha MOsy4eHHO! B anbHelitem bu3sH4uecKoli H MaTeMaTH- 
ueckoii XapakTepHCcTHKe HallIMX ONBbITOB, OTMETHM JIHLIb, 4YTO COracHO JaHHbIM 
(bu3HKU M MaTeMaTUKH TpeOyeTcA 3aTpaTa HHMYTOXKHO MaJILIX CHM AIA OOpaTHOro 
BpallleHHsl MHBepTHpoBaHHoro xpycTasuKa. 

_ OHH H3 croco6on NpoBepKH STO BKpaTile yNOMAHYTOM FHMoTesbl MOXKeT 3a- 
KJIOUATbCA B M3MeCHCHHH SJIeEKTPOMArHHTHBIX CBOMCTB MHTepecyloulelt Hac CHCTe- 
MbI C MIOMOULbIO HOHH3Hpytollero OOyyeHHA. O Takoli BO3MOxXHOCTH MpsAMO 
WJIM KOCBeHHO CBHJeTeJIbCTBYeT PAN padort, ClesIaHHbIX Ha 2KMBOTHBIX HM pacTH- 
TeIbHBIX OpraHusmax. Tak, nampumep, A. HU. Tlomusoga (°), onupasch Ha JH- 
TepaTypHble JaHHble HW Ha pe3yJIbTaTbl COOCTBeHHbIX HCCEOBaHH, CeaHHbIx 
Ha COeMHUTeIbHOH TKaHH MJICKOMMTAaIOWIHX, IIpHXOJUT K BbIBOy OO yMeHbIIe- 
HHH MOMAPHSaWMOHHOH eEMKOCTH NOXKOKHOH KJleTUaTKH OOJIYYeCHHbIX 2KHBOT- 
HbIX, 4TO, MO-BH,MMOMY, YKa3bIBaeT Ha YMeHbIMeHHe MOJAPHOrO MOMeHTA B 
MOJIeKy1ax %MBOM KleTKH. Hapany c stu IO, A. Kpurep u O. M. 3opuua (4) 
HOKa3aIH SaMeTHOe YMeHbINeHHe Pa3HHIbl MOTeHIMaJIOB MexKLY HapyXKHOH 
M BHYTPpeHHeH MOBepXHOCTbIO KOXKH JIATYUIKH B NepBble JHA Nocse oOyyeHHA. 
Mcxoqa 43 MpescTaBseHHii COBpeMeHHOM (bu3HKH O BCeOOUIHOCTH MarHHTHBbIX 
apneHui (7,°), A. B. Kppiios (°) cBa3bIBaeT ABJICHUA NOJIAPHOCTH 2KUBBIX CHCTeM 
pee Bcero c MarHeTH3MoM. VsmMeHeHHA MarHHTHBIX CBOMCTB 2KHBOFO Bellle- 
CTBa IIpHBOAAT, MO efO MHeEHHIO, K H3MCHEHHIO YpOBHA 9HEpreTH4eCKHX CBABelI, 
a OTCIO\a H K H3MCHeEHHIO XapakTepa OOMexa BeulecTB. IlocieqHu, B CBOIO O4e- 
peb, B pe3yJIbTaTe XMMHYeECKHX B3aHMOJeHCTBUH, OOYCJIOBJIMBaeT BOSHHKHOBeHHe 
SIEKTPHYeCKHX OvNoNoTeHUHas0B. Kak Obl TO HH ObIIO, HO MarHUTHble CBOLMCTBAa 
BeILeCTB MOrYT H3MeHATLCA NOX BJIHMAHHEM pAa BHEWIHHX BOselCTBHH, B TOM 
qucJle H B 3aBHCHMOCTH OT HalIps?KeHHOCTH H OT HallpaBJICHHA BHELIHerO MarHHT- 
Horo moa. OTcioa NOHATHO, TO YKa3aHHble CBOHCTBa pasHOOOpa3sHbIX BelllecTB, 
2 CJlelOBaTeJIbHO HM XKHBOFO BelllecTBa, JOJKHbI H3MeCHATLCA MH MOL BMAHHeM 
HOHH3Hpylollero M3JIyYYeHHA, UMelollero MOOOHO cBeTy ACHO BbIpaxKeHHyt10 
IIEKTPOMArHUTHY!IO Mpupory (2). 

Hactosive OMmbITbhl B TeXHHYECKOM OTHOUICHHH HHYeM He OTJIH4YaJIHCb OT 
Hallux MpeMbIyUIMX, YMOMAHYTHIX BHAa4YaJe, OMbITOB; OHH JIMUIb ObWIM ClesaHbl 
Ha OOJIYYeHHOM MaTepHaile. ; 

ONbITbI MpOBOLNIcb Ha rosoBacTukax Rana temporaria, HaxXOJHBUIMXCA 10 
apeumyilectBy Ha 2 wu 3 craquax pasBuTua (lo JlamunHckomy). )KMBOTHBIe 06- 
My¥aJIMCb TOTaJIbHO Ha peHTreHoBcKoM ammapate PYJI-100/20 nosamu B 20; 
100; 200; 500 u 1500 r. Ha 2 wu 3 feHb nocse OO YUeHHA B HX 1paBoM rvia3y Mpo- 
ASBOAHJIaCb HHBepcHa xpyctamuKa. Bcero Obli0 mpoonepHpoBaHo 98 rovloBacTH- 
KOB, KOOTOPble Obl 3apHKCHpOBaHb! Ha 15 Jenb NocJe Onepaun, CleOBaTeJIb- 
HO B TaKOM Cpok, Kora HeoO.ly4eHHble HHBepTHPOBaHHble XpyCTaJIMKH 3aBeOMO 
3aKaHYMBAIOT CBOe OOpaTHOe BpalileHHe. 

Kak M caeqoBalo oxULaTb, ClaOble H OTHOCHTe/IbHO CJIaOble O3bI peHTTe- 
HOBCKOFO: H3JIY4eHHA He OKa3bIBaJIH CKOJIbKO-HHOyb 3aMeTHOTO BJIMAHHA Ha 
36paTHbI MOBOpOoT HHBepTUpoBaHHoro xpyctasuKa (puc. 1). Ho yxxe 203a B 500 r 
Jap YIM1a BOSMOXKHOCTb ero OOpaTHOro BpallleHHA. B OoMbUIMHCTBe ras, OONy- 
JeHHEIX Jo30H B 500 u 1500 r, HHBepTHpoBaHHble XPyCTaJIMKH Tak HM He MpHHAJIN 
JOPpMaJIbHOrO MosowKeHuA (pic. 2), xoTA OOyueHHbIe Aos0i B 500 r He uMeuH 
*KONbKO-HHOYAb 3aMeTHBIX MaTOOrMyecKUxX H3MeHeHHH. CyqbOa oOy4eHHbIx 
KPYCTaJIMKOB OKa3aJlacb CJlelyroulei: 


Jlo3sa o6s1yueHHa, r 20 100 200 500 1500 
Yucno xpyctamnKos 18 "26 16 22 16 
B Tom uncue: 

HOPMaJIbHO NOJAPH3OBaHbl 18 26 16 5 3 
MOHOCTbIO HIM YaCTHYHO HHBEPTHPOBAHbl — _ — fd 13 


; 

| Ws TIPHBeJCEHHbIX JAHHbIX CJleqyeT, ATO Y HeCKOJIBKHX TOJIOBACTHKOB, He- 
*MOTPA Ha OTHOCHTEJIBHO BbICOKHE JLO3bI oOsy4eHHA, ollepHpOBaHHble xpyCcTaJIMKH 
0p HeHTHPOBaHbl BHOJIHe HOPMaJIbHO. Ho u3 SToro HeJIb3A SaK/HOUMTh, TO} Td'= 
kMe xXpycTaJIMKH, B OTJIMUHe OT Apyrux, Mposeaiu oOp aTHblit MOBOPOT IocJie 
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vuBepcuu. HanpoTuB, MOxKHO YTBep%*KaTb, YTO OHH Cpasy xe MocJe onepalnn 
OKa3aJIHCb B rla3y He B H3MeCHEHHOM, a B IIpaBHJIbHOM MosoxwKeHHH. TloqoOuble 
culygaiinocTH HeH36exKHbI B HalMX ONbITax, Tak KaK HHBepCHA xpycTaJiuKka 
IIPOH3BOLUTCH «Ha Tas» NOTOMY, 4YTO efO CYMKa IIJIOXO BOCIPMHUMAaeT BUTAJb- 
Hble KpacuTeJIM MH He cnocoOHa K JVIMTeJbHOH MapKHpoBke. B cBa3uH C 3THM O 
cyjb6e MHBepTHPOBaHHEIX XPYCTAJIMKOB MBI CYAHM TOJbKO NO CepHiHO clesaH- 
HIM cpesaM. YKa3aHHble CJlyyalHOcTH OblIM OOHAPyxXeHbI HM B HallleM MepBOM 
uccIelOBaHHH MO HHBepCcHH xpycTaJiuKa, Kora OlarolapxA exeHeBHOK uKca- 
IMM MOLOMBITHOrO MaTepHaJla MOXKHO ObLIO NpOCeqHTb War 3a maroM OOpar- 
HbIii MOBOPOT HHBepTHPOBaHHbIX XPYCTaJIMKOB. 

OntiTbl 10 HHBepcHH xpycTaJIHKa B HOPMaJIbHBIX HM OOMYYeHHBIX ryia3zax 
HeOJHOKpaTHO MOBTOPAJHCb Y Hac B JaOopaTOpHH C TeMH 2%Ke pesyJIbTaTaMM Ha 
JIMYHHKAX HM CeroyleTKaX Pa3HbIX BHJOB OecXBOCTbIX H XBOCTATHIX amMuHOni. 
Tlomumo Toro, B CBA3H C HEKOTOPbIMH JOMOJIHHTeJIBHbIMH BOMpocaMH, 3TH OMBITHI 
CTABHJIHCb B pa3JIMYHbIX BAPHaHTAaX, K KOTOPbIM OTHOCATCA reTepo- HW KCeHOTpaHc- 
laHTaluH WHBepTHPOBaHHBbIX XPYCTAJIMKOB, paSHOBOSpacTHble MepecaKU 
HHBepTHPOBaHHEIX «BOJILPOBCKHX pereHepaToB» (°), mepecayqKH HeoOwly4eHHOrO 
xpycTaJIukKa B OOJIYYeHHBIM Trias MH, HaOOopoT, OOTyyeHHOTO xpycTaJuKa B He- 
O6JIYYeHHbI ria3. Bee STH OMBbITbI 3aC/1yKMBAaIOT CaMoro NOApoOuoro onucaHHA. 
Mbt »Ke OrpaHHUHJIHCh 3]eCb KpaTKMMH CCbIJIKaMH Ha OCHOBHbI€ pe3yJIbTAaTbl 
3TUX OMBITOB C TEM, UTOObI NOKA3ATb JIOTHYCCKYIO CBA3b M@KLY ITHMU OMbITAMH 
HM TeM ABJIGHHeEM, KOTOPOe MBI OMHLWIeM HHKe. 

«XuUpypruyweckoe NocnweRenHcTBHeE OTHOCHTeEIB- 
HO CHAIbBHOTO HOHH3HPYWmero oOO6NyueHuaA ApH 
BHYTPHrwaasHHx onepawusanx. Mb oOnapyxunH sTO ABMeHHe 
y OCHOBHOrO OObeKTAa Halllero HCCJIefOBaHHA, a HMe€HHO y rosoBacTHuKOB Rana 
temporaria, O6y4eHHEIX Nepel HHBepcHeH xpycTamuka Jo30H B 1500 r x 3a- 
(PHKCHPOBaHHbIX, KaK ObINO CKa3aHO Bblue, Yepe3 15 THeH Mocne onepaluu. 

Ha rucrosloruueckHx MpemapatTax Bcera MOXHO ObIVIO BHAeTh OMHY MU TY 
%Ke KapTHHY: JleBbIli, KOHTPOJIbHbIM, ria3, HECMOTPA Ha 3HayHTebHOe OOy4e- 
HHe TOMOMbITHLIX XKHBOTHbIX, OCTaBasicAd 6e3 MaJielitiMxX H3MeHeHHH (pu. 3), 
TOrla Kak paBblii, OllepHPOBaHHbI, T1a3 HCMbITHIBaJI OUCH CHJIbHbIe H JOBOJIb- 
HO 3aKOHOMepble H3MeHeHHA (puc. 4). OHM BbIpakaJucbh B YCHJIeHHOM MpouH- 
(bepalluH XpycTaJIMKOBOrO SMMTeIHA, KOTOPbI paspacTascb BHYTPpb xpycTa- 
JIMKa, YaCTHUHO BbITeCHA erO, K STOMY BpeMeCHH MOUTH MOMHOCTbIO roMoreHH- 
3HpOBaHHY10, BOJIOKHHCcTYy!O Maccy. IlomyTHO Mpovcxo,HIM HeKOTOpble H3MeHe- 
HHA B OTACJbHEIX COAX CeETYATKN, HACTYMad pacnal palyKkKu Mu HaOmMOManacb 
oquac OY€Hb CHJIbHaA MMIMeHTalMA poroBHllbl. UacToO MO%KHO ObIWIO BHeTb 
OTCIOHKY CeTYaTKH OT MMFMeHTHOFO SIHTeIHA. 

HecomuenHo, 4TO 3TH riyOoKHe HU, OYeEBHAHO, HeOOpaTHMble MaToJorHyeckHe 
H3Me€HEHHA TPOBOMHPYIOTCA JOBOJIbHO MpOCTLIM OMepaTHBHBIM BMellaTeJIbCTBOM 
Ha (OHE OTHOCHTEJIbHO CHJIBHOTO HOHH3Hpylollero OOyseHHA. OO STOM MBI MO- 
2KeM CYUTb Ha OCHOBAaHHH MOJHOH HHTAKTHOCTH TaK Ke CHJIbHO OOJyYeHHOrO, 
HO HeolepHpoBaHHoro raza HW B CBA3H C OTCYTCTBHeEM KaKHX Obl TO HH OBIIO 
MaTOJIOTHYeCKUX M3MeHEHHH MocJie HHBepCHH xpycTaMKa Oe3 MpelBapuTeJb- 
HOrO OGOJYYeHHA HIM Ha (oHE 3HAYNTeEbHO Ooslee Ca6oro JyyeBoro BO3elcT- 
BUS. 

EcTb OCHOBaHHA TipeqMoularaTb, YTO HOHH3Upyrolllee OOTyYeHHe onpejlesen- 
HOM CHJIbI paspyuiaeT WIM HCKaxKaeT (OPMATHBHLIe CBAZM B 3PHTeJbHOM anma- 
pate. STO MpemnouowKenve BLITeKaeT H3 HaIIMX Mpe%KHUX HCCeLOBaHHii, B KO- 
TOPHIX ObIIO MOKa3aHO, 4YTO OOJyYeHHaA CeTYaTKa TepHAeT CMOCOOHOCTL K 3KC- 
MNe€pHMeHTaJIbHOH WHLYKUMA pOroBHIbI H3 HeoOyyeHHOH KowKuH (1°). Cyna no 
JaHHEIM HaCTOAULero HCCIeqOBaHUA, MOMKHO JOMYCTHTb, 4TO CKPbITble HM Hallps- 
2KCHHbIe H3MeCHeHHA (POpMaTHBHEIX OTHOWeHHH Kak Obl paspellaloTcA Mocwely- 
FOULHM OMepaTHBHbIM BMeWlaTeJIbCTBOM M ObICTpO MpHBOLAT K HapyLWieHHIO Mop- 
(poslorMyecKoro paBHOBecuA B OOyYeHHOM rviase. 

IIpuuuMast BO BHUMaHHe, YTO Halle HCCefoBaHve, ChesaHHoe Ha pa3BuBa- 
JOWMXCH 2KUBOTHIX, MOPIO Obl MpMoOpecTH CyMLeCTBeHHbIM MpakTHyecKHH HH- 
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Puce. 1. JlomHpm o6patxHbit mnoBopot Puc. 2. HenpapyabHoe nmojomwKeHHe WHBep- 
XpycTaluKa y %XHBOTHOTO, O61y4yeHHOrO THPOBaHHOrO XpycTalHKa MpH jose obslyye- 
yos0i B 200 r Hua B O00 Tr 


cr ae 


Puce. 3. O61 yueHHbI CHIbHON Jo30H B1500r, Puc. 4. HenpaBuibyoe nojowenHe HHBepTH- 
HO He HHBepTHpOBaHHbIii H MOSTOMY CoBep- pOBaHHOrO XpycTalHKa H ecTpykKWHA BCero 
I€HHO HOPM@JIbHbI XpyCTaHK ria3a Kak CJeQCTBHE OGyYeHHA 030% 

B 1500 r 


J.AH, Tt. 137, Ne 1, Tonos 


a 


Tepec, CCH Obl HaIIM JaHHble NOLTBEPAHACh Ha BSPOCIbIX, H IIPHTOM He TOVIb= 
_ KO HHS3IUHX, HO H BBICIIHX MOSBOHOUHBIX, MbI NOCTABHJIH aHaJsIOrMUHble OMBbITHI 
Ha MOJOBO3peNbIX JIATYIuKaXx WH MbIUax. B cuny Toro, uTO M HeOOY4eHHEI Xpy- 
 CTaJIMK B3pOCJIbIX MO3BOHOUHBIX HCIIbITbIBaeT, KaK MpaBHJIO, BCeBO3MOXKHbIe 
HereHepaTHBHble H3MeHeHHA NO] BJIMAHHeM JlavKe He3HAUHTeIbHbIX TMepeMmeille- 
HHH, MbI 3aMeHHJIM Ha Cell pas OllepallHio MHBepcuu XpycTaMKa OaHalbHOl B 
_ KJIMHMYeCKOM odTaIbMOJIOrHH OMepalMeli ero Hapesa, HIM JMCIM3HH. 
He HMead BO3MOXKHOCTH OCTaHaBJIMBaThCA Ha STHX BO MHOFOM OUeHb HHTe- 
_ peCHBIX ONbITaxX, O KOTOPbIX OyfleT CJleaHO cMellHaIbHOe cooOmleHHe, OTMe- 
THM TOJIbKO, 4YTO MH 3feCb BHYTPHrvlasHOe XHPypruyecKkoe BMEMMIAaTeJIbCTBO ABH- 
JOCh Pa3spellarolllHM MOMeHTOM JIA HeOOpaTHMOrO BbIABJIGHHA KAKUX-TO CKPbI- 
TbIX SHEPreTH4YeCKHX H OOMCHHBIX H3MeHEHHH. 

Cyasamlo0 Bcemy, OGHapyxKeHHoe HaMM «xXupyprvyuecKoe MocwJelelicTBHe» He 
HM€€T CO CTOPOHD! CBOerO BHEIIHerO MpoOsABJIeHHA HHYerO OOILerO C TOPMO3ALLHM 
BJHAHHEM HOHUSHP yiollero OO yueHHA Ha pereHepallHlo YaJIeHHBIX HI MOBpex- 

_ M@HHEIX OpraHOB H TKaHeli, MHOrOKpaTHO ONHCaHHBIM B 3KCIePpHMeHTaJIbHO- 
\ MOpdosiorvyeckolt H MeAHIHHCKOM JMTepatype. 
CnefyeT NoxuepKHyTb, YTO HECMOTpaA Ha MHOMKecTBO paboT No Ouomornye- 
CKOMY JleHCTBHIO WOHHSHPylollle payualluu, HUKakHX CBeJeHHH O BpeHOM 
_ «XHpypruyeckoM MocsieleHcTBHH» OoJIbLIHX 03 STOTO BO3{elCTBAA Ha OMepHupo- 
_ BaHHble rla3a MO3BOHOUHLIX XKHBOTHEIX H ueJIOBeKa HH B COBeTCKOM, HH B HHO- 
CTpaHHOH JIHTepaType He HMeeTcsA. 

IIpu NonbirKe skKcTpaloMpoBaTb axe B CaMoli OOulel cbopMe NowyyeHHbIe 
HaMH JaHHble C MO3BOHOUHBIX XKHBOTHBIX Ha YeOBeKa JIA MporHosHpoBaHHA 
pe3yJIbTaTOB MOKa3aHHOrTO BHYTPHIasHOrO XHpPyprHuecKoro BMellaTeJIbCTBa 
Nlocsle 3HaYHTeIbHOTO HOHH3Upytloulero OOyYYeHHA BO3HHKaeT PAY eile Hepe- 
IUe€HHBIX BOMpocoB. Crojla OTHOCHTCA, pee Bcero, BOMNpoc 0 cpoKax HapacTa- 
HUA MW HCUeSHOBEHHA «XHPypruyeckoro MocyiexeHcCTBUA» B 3ABHCHMOCTH OT CHJIbI 
M XapakTepa J1y4eBoro BosleliCTBUA; ClOLa Ke OTHOCHTCH He MeHeGs BaXKHBIli BO- 
_ Tpoc O BOSMOXKHOM 3HaYeHHH HaKOMVIeHHA MaJIbIX, HO MHOFOKpaTHBIX 03 HOHH- 
_ 3Hpyrollero H31y4eHHA JIA MpOABJIeEHHA OOHAPy2XKeHHOIO HAMM OTPHLLAaTeIbHOTO 

opdekta WT. 7. UT. ON. ; 

M3 Beero CKa3aHHOro BbITeKaeT, 4TO Hallie HCCeqOBaHHe 3aTparHBaeT OLHY 

_ M3 CTOPOH BaxKHOrO Borpoca, NocBsAllleHHOrO MepaM OopbObl C BpeHbIMH Mocwe- 
JeHCTBHAMM HOHUSHpylolleH palvallnn. 


™™~ © 


Mockosckuit rocyfapcTBeHHLIli yHHBepCcuTeT Tlocrynuio 
uM. M. B. Jlomonocopa 23 IX 1960 
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BHO®H3SHKA 


r. E. @PAKHH 


PEMPOAYKUMA APA B OBJIYYEHHbIX HE)KH3HECMOCOBHbIX 
(HEJEJIAWIHXCA) KJIETKAX 


(ITpedcmaeaexo akademuxom H. JI. Kxynanyem 9 1X 1960) ‘yj 


Cnoco6uocTb O6/y4eHHbIx OakTepHii K BOCMpOH3BeseHHIO (bara MOKET cuy- 
X%KATb YLOOHBIM MoKa3zaTeeM paWalMOHHOrO MOBpexKeHHA (epMeHTHIX CHCTeM 
KJIeTKH, 63 HaIMYHA PYHKUHOHAIbHOM MOJIHOWeCHHOCTH KOTOPBIX HeJIb3A MBIC- 
JuTb cuHTes JLHK u Genkos Bupyca. JluTepatypHble JaHHble M0 STOMY BOTIpocy 
HemHorouncyieHHb! (1~*, ®-8) HB OCHOBHOM KacaloTca JeHCTBUA yJIbTpaduoverTo- 
BOO H3JIV4CHHA Ha YKa3aHHYI0 BbIIe CMOCOOHOCTb OakTepHii. 

B omy6m"KoBaHHbIX B MocuietHee Bpema padotax Tepunka (°) u OnuiTeina 
(°) MpedcTaBseHbl aHHble MO H3y4eHHIO JeHCTBUA HOHH3UpylouleH pauallun 
Ha CHOCOOHOCTh OakTepHii K BOCIpou3sBexeHHIO cara. OgHako Tepunk HAciosb- 
30BaJl B CBOHX 9KCIepHMeHTax HeyeTHbIN Koudar T-3, y koroporo JLHK umeert 
OJMHAKOBbIM XHMMYecKHH coctaB c JILHK OaxtTepHit. Sto o6cTOATebCTBO He 
HCK1OUaeT BOSMOKHOCTH cuHTesa JLHK cara 3a cueT HCNOMb30BaHHA MMeBINUX- 
CA B KJleTKe B MOMCHT HHDeKIMH 3alacoOB MOHOHYKJIeOTHIOB. 

Js Ooslee MOMHOH OLCHKH CMOCOOHOCTH OGJY4eHHbIX OaKTepHH K CJIOXKHbIM 
CHHTeTHYeCKHM IIpolleccaM MeJlecooOpa3sHO HCMOMb30BaTb KONMParH ueTHOH 
rpynnpt T-2 unu T-4, JHK koropbix oTJIM4HbI NO CBOeMy CocTaBy OT OakTepHaJIb- 
HoH JIHK. 

OnmMTeHH IIpHMeHHJI B CBOeM HcclelOBaHHu dar yeTHOH rpymmb T-2 u ero 
paMopesHcTeHTHbIH MyTaHT T-2r+. OjHako aBTOp J\aeT OJHOMOMeHTHYI0 OLleH- 
KY CYMMapHOH cMocoOHocTH BceH OOyYeHHOH MOMyJAWMu, B KOTOpOH Hello- 
CpeJCTBEHHO MocJie OOMYYEHHA MOKET OCTABATECA elle JOBOJIbHO 3Ha¥HTe/bHOe 
KOJIMYeCTBO 2KH3HECIOCOOHBIX JeJIAULMXCA KJIETOK, 

B HalieM HccuIeOBaHHN OblJIa MocTaBJeHa 3af,a4a H3Y4HTb B JMHAMHKe BO3- 
MOXKHOCTb pelipoxykunn bara T-4 B OOJyYeHHBIX KJIeTKaX C MOJIHOCTbIO NofaB- 
JieHHOH PyHKMeH AeeHHA, T. €. B KJleTKaX, OObIVHO CUMTAIONIMXCA He*KH3He- 
CMOCOOHBIMH. 

J\1a ocyulecTBIeHHA STOH 3afauH cycneH3Hu OakTepul (E. coli «B») B CHH- 
TeTHYecKOH cpefze AjaMca B JorapHdMuyecKoH cTaquu pocta o67yyaH ucTOU- 
HHKOM y-pawuannn (Co®’) a6comoTHO JeTaIbHbIMH Jo3amu (5,0. 104 u 7,5-10'r). 
Tlocne o61yYeHHA CYCHeH3HH pa3BOAHJIM C TAKUM pacueTOM, YTOOLI HCKJIOUNTb 
BO3MOXHOCTh HaJIMYHA 2AKH3HECMOCOOHEIX JeAMIMXCA KeTOK HH Kpalineit 
Mepe CBeCTH HX YHCIO 20 MHHHMyMa. KovIM4ecTBO 2KH3HECIOCOOHBIX KJI€TOK HJM 
HX OTCYTCTBHe B JaHHBIX Pa3BeeHHAX OllpeeANM MyTeM MoceBa Ha UaLIKH 
Ietpu c 2% arapom. B pasBejleHuble cycieH3HH KOHTPOJbHBIX H OOYYeHHEIX 
OakTepHit BHOCHJIM CTporo ompeseneHHoe KomMuecTBO MHTaKTHOrO dara T-4. 
Ilocuie storo cMecH MoMellaJIM B TepMocTaT AIH OCYMLeCTBICHHA pellpowyKIHoH- 
HbIX IMKOB, Uepes pa3MuHble IPOMeXKYTKH BpeMeHH MpOH3BOAMIH onpelese- 
HHe KOJIMYeCTBa (aroBbIX YaCTHIL MO MeTOAYy arapoBnix csioeB Ppauna. ouy- 
YeHHbIe PesyJIbTaTHI MpelcTaBeHbI B Tau. |. 

V3 JaHHbIx, IpMBeleHHEIX B Tabu. 1, cueqyer: 

1. Bakrepun nok BaMAHMeM y-oOyueHHA B OonbUIMX o3ax (5,0.104 u 
7,5-10* r) B nepBble vacbl Mocwle BOsfeHCTBUA palMallun B 3HauMTeBHOH cTeMeHu 
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ett » i sed | 


Ta6auna 1 


PenpozykuuaA dara HHTaKTHBIMH (KOHTPONb) HM OGyYeHHBIMM OakTepuamn (KaxK.aA BemnuH- 


Ha, MpHBeyeHHaA B TaOMUe, ABAeTCA cpeqHel u3 4 NapaJebHBIX OMBITOB) ; 


wR 1 oO 7 
1 220 o& 1 3 Ba 
xe KOS 5) O® reac} 5 Als 

& ' O6pasen, ce ase oe ae a Ss 6228 

5 Ba o nao aa, es ape i os HS BS 

: RE ALBEEL. efi uh: obo cnb Sele ob sume ee 

; $a8 a¥5 =< a. a2 8 £8 eM a 

2 ses |as8| eS at mé5| e8 Imeseg 

1 | Kontpoap 8,0-107 | 0,5 8 OL 08 Det O% | oe 3,3:10% 

O6nyyennve 50 Thc. r | 6,0-108 | 0,5 0 50-408) 2 24-10" |, GA 

2 | Koutpomb 108 Oya: 104 6,0-10?| 4 9,7-102 

To »#*e 2; 1,0-108 
WH dL 4 3,1-108 
OG6nyuenve 50 Thc. r | 1,5-10°| 0,5 | 1,5-40? |] 6,0-107| 4 ( goedO? type 
To xe 2 9.21074) 9250 
» » 4 7,4-102| 24,0 
3 | Koxutpom 5,4-107 | 0,75 | 5,4-10? | 5,63-10?) 2 4,38-108 
. To xe 4 2,1-104| 94 
O6nyyenne 50 THe. r 1089 0,754 0 1 5,60-40%} “2 1,30-108 6 
To xe 4 1,20-4108 
4 | Koutponb 4,0-107 | 4,5 | 4,1-408 | 5,63-10?} 2,5 |1,43-108 
To xe 42 9 ,60-108 
O6nyyenne 50 tric. r | 5,0-103 | 4,5 | 0 | 5,63-10?) 2,5 | 4,16-40% |400 
To xe 12 3,9-4104 10,004 
5 | Kourpoup 5,0-407 | 29 5eOPtOeay Oe een die 4,0-108 
O6syuenve 50 thc. r | 2,0-10? | 29 0 3,4-10?} 12 4,8-10? |0 ,0004 
6 | Koutrpomb LALOR | ORT. | Vaal TO 65-407 2 4,2-108 
O6nyueHue.75 ThIc. r** 0 0,75 0 5, 63-4021" 2 1,35-410 |400,0 
7 | Koutponb 50-407 | 29 5,0-40° | 3,4-102) 12 1,0-108 
O6.yueune 75 Thc. r** 0 29 0 3,4-10?| 12 4,8-10? |0,0004 
8 | Koutpoap *** 408 4 108 8951 OAH Ds Sule os 10s 
To x%xe 4,2 | 2,96-104 
ie ab 419 2,24-10° 
O6myyenne 50 tc. r***} 4,7-107 | 4 | 1,7-10? | 8,9-10?} 2,5] 1,8-104| 76,7 
To xe 4,2| 1,3-104| 43,9 
pr 49 2,0-10°| 89,2 
9 | Kontponb 108 4 40? 8,9-104 | 20 2,64-109 
O6nyuenne 50 Thic. r***| 41,7-107 4 4,1 10% tS, Od Ohne 20 22s hOFy) e8r8 
10 | Koutpoup **** ESB YO) (SE 4,3-102 |7,35-40? | 20 2,85-108 
O6nyyenne 50 Tic. r 0 HE 0 7,30-40? | 20 1,8-404 | 0,006 
41 | Kontpow **** 4 s-A408 | 1.4 4,3-104 |7,35-102 | 20 4 ,2-108 
O6snyuenue 50 TrIc. r 0 1 tg | 0 7,30-102 | 20 5,0-108 | 0,004 


* BenuunHa, XapakTepHSylollan YHCO MKUSHCCNOCOOHLIX AeNAWMXCA KeTOK B 1 MJ cpegBl. 
** Tipo6Hoe oOsyyenue: CHayasia 50 ThIc. r H Yepes 60 ceK. ene 25 THIC. Fr. 
*** KOHTpPObHYIO CyCNeH3HIO xpaHusH Ha xosony (0°C); OOy4eHHe NpOHSBOAAIH Npu sTOH we TeM- 
Nlepatype. 
* esc aehouxo Obl cyemaH 3aceB MeHbuUleli MNOTHOCTH, H NOSTOMY THTp KYJIBTYPbI OKaSaJica_Ha 
nopayzoK nome o6pluHOroO. 


TepAIOT CIOCOOHOCTh K JlesIeHHIO, HO COXpaHAIOT CNOCOOHOCTh pelposxyWupoBaTb 
(bar B TeYeHHe HeCKOJIbKUX YaCOB Ha JOBOJIbHO BbICOKOM YpPOBHe IO CpaBHeHHIO 
C HHTAKTHBIMH (KOHTpOJIb) KJIeTKaMH. 

2. Cnycra 4 u, ocodenHo 29 yac, nocre o6syyeHHA CMocoOHOCTh OaktTepnit 
K pelposyKuuH dara pe3ko yMeHbIaeTcA. OfHakO Jake B YKa3aHHble BbI- 
mle CpOKM HelemmmMecd OakTepHH BOCIIPOMSBOAAT OMpefemeHHoe, Mofuac He- 
OobIO0e UNCIO ParoBbIX 4AaCTHIL. 

IIpv paccMoTpeHuu JaHHbIx, NpelcTaBJeHHbIx B TaOw. 1, MoxKeT MoKasaTb- 
CA, 4TO pesybTATH onbITOB NoNe 4 4 8 HaxOMATCA B MpOTHBOpeyHu CO BTOPbIM 
BbIBOLOM. Oguako B omnbite Ne 4 char BHOCHJIN B CyCIIeH3HIO Yepes 4,5 4aca Nocyle 
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oOyueHUA, HW pH MHoxecTBeHHocTH 0,13 B MepBble 2,5 4waca Morvla elle He 
BLIABHTbCA PasHulla M@eXKAY BbIXOJOM (ara B KOHTpOwe HM B OOJY4YeHHOM O0pa3- 
“te, a uepes 12 uac. 9Ta pasHulla OTYeTIMBO MpoxBUacb. B onpite Ne 8 cpaBHH- 
TeJIbHO BbICOKHH BbIXOA chara B OOAyYeHHOH cycmeH3HH yepe3 19 4ac. MomeT 
ObITh pe3YAbTATOM HaIM4MA B STOM CYCMeH3HM elle AOBOMbHO 3HadHTeMbHOTO 
KoNMueCTBa X2KU3HeECHOCOOHEIX, Memauyuxca KseTOK (1,7-10% KmeTroK Ha | Ma). 

TlomuMo mpwBefeHHbIX BBILIe JBYX OCHOBHEIX BbIBOJOB, H3 Tau. | BbITeKa- 
eT 3aKJIIO“eHHe BTOpOCTeleHHOrO XapakTepa, He MMeloulee MPpAMOrO OTHOMeHHA 
K IleleBoll HallpaBJIeEHHOCTH HallIHX 9KCMepHMeHTOB, a HMeHHO: CTelleHb palua- 
IMOHHOTO MopaxkKeHuA GakTepHii, XapakTepH3yeMad BEIxXoAOM (ara NO cpaBHe- 
HMIO C KOHTpOJIeM, 3aBMCHT OT KOHIeHTpalluu OakTepHii B cpefle BO BpeMax OOsmy- 
yeHusa. Tak, B onpirax Ne 10 uw 11 Turp oOmy4aemplx OakTepHit Obl MpHmMepHoO 
Ha OHH MOpAOK HUKe, 4eM B OCTAJIbHBIX OMbITAX, H COOTBETCTBEHHO BbIXON cpara 
OKa3aJICA M@CHbIUHM, YeM B JpyrHx 9KCMepMMeHTax. 

TlowyyeHHble (pakTbl H CeaHHble Ha HX OCHOBAHHM 3aKJIOYeHHA CBUeTeIb- 
CTBYIOT 0 HepB THOM palualMoHHOH paHuMocTH PyHKWMU ayTopenpoxyKuuH (pas- 
MHoxKeHua). HecomHeHHbIi (pakT pempoyKWHH cara OOJyYeHHBIMH OakTepHAMH, 
TIOTePpABLIMMH CMOCOOHOCTH K JleJIeHHIO, ABJIACTCA LOKA3aTeJIbCTBOM palMopesH- 
CTeHTHOCTH (pepMeHTHEIX CucTeM. EcTecTBeHHO, 4TO HaJIM4uHe payHallMoHHOro 
MOBpexKIeCHUA XOTA Obl B OHOM KaKOM-sIH60 3BeHe (epMeHTHBIX CHCTeM OakTe- 
PpHabHOH KIeETKH Cemamo Obl HEBOSMOXKHBIM CHHTe3 JLHK u Oenkos, HeoOxo- 
JMMBIX JIA MOCTpOeHHA (aroBoH YaCTHUbI. 

Ec.im Obl Halli IKCHePHMeHTHI ObIIM MpOBeeHbI Cc HeYeTHBIMM (haraMu CepHu 
T, HMeIOULMMH, KaK yKa3bIBaJIOCb BbIMIe, OMMHAKOBLIM HaOOp MMPHMMAMHOBEIX U 
IIlyPHHOBbIX OCHOBaHHH c THK 6OakTepHi, TO BIUOIHe JIOTHYHO MOrIO BOSHUKHYTb 
MIpelmouoweHHe O HeoOA3aTeIbHOH COXpaHHOCTM PYHKIWMOHAMbHOM MO/HOIMeH- 
HOCTH BCeX 3BCHbeB (PepMeHTHBIX CHCTeM, y4acTBYIOULHx B cuHTe3se JLHK Bupy- 
ca, TaK KaK CHHTe3 HYKJI€HHOBOH KHCJOTHI (para MOXKHO ObIIO MpeAcTaBHTb Kak 
pesybTaT HCMOMb3OBaHHA 3aNaCOB MOHOHYKJIeOTHAOB OakTepHasIbHOH KJICTKM. 

Oguako y bara T-4, KoTOpHlii MpHMeHsAuIca B HacTosmleH paOote, JLHK ors 
JuyaeTcsA TO cBOeMy cocTaBy OT OaKkTepHanbHoH JIHK. B coctas JLHK cara 
T-4 BxoguT 5-oKcHMeTHIMMTO3SHH. Dake c corp. (*,°) Moka3anu, uro THK uer- 
HbIX (baroB cepHu T nHAyuuMpyeT oOpa3oBaHnue B KJieTKax E. coli HoBoro dep- 
MeHTa — 5-OKCHMeTHJAa3bl, KOTOPbIM KaTaJIM3MpyeT CHHTe3 HyKJIeoTuya — 5- 
OKCHMeTHJIJe30KCHIMTHIANaTa. ITO OOCTOATebCTBO JIMIMaeT MOCTOBepHOCTH 
TIpelmouoxKeHHe O BO3MOXHOCTH HCMOb30BAHHA TOTOBbIX MOHOHYKJICOTH- 
JOB H CBUeTeJIbCTBYeT O CHOCOOHOCTH (pepMeHTHBIX CHCTeM OOJyYeHHOH KIeTKU 
C HapyleHHOH (yHKWHeH ayTopenpoxyKWMH K CJIO%KHbIM CHHTETHYCCKMM IIpo- 
eccaM. 

Tot (bakT, 4TO BBeeHHe B OOYYeHHY1IO KJeTKY, MOTePABUIYIO 2%KH3HECHOCOO- 
HOCTb BCJIeCTBHe HapyuIeHHA ayTOpelilpOlyKUMOHHOM tyHKUMH, HOBOrO IeHT- 
pa HHopMalluH B BUJe reHeTHUeCKOH CTpyKTypbI dara (THK) unazyuupyer ciox- 
Hble MeTaOoJIM¥ecKHe IIpolecchl, ABIAeTCA elle OMHHM BeECKHMM JOKa3aTeJIbCT- 
BOM BelyuleH pOJIM NOBpexkKeHHA TeHeTHYeCKHX CTPYKTYp B MepBH4HOM OxO- 
JIorHyeckoM aippekTe LeHcTBHA HOHM3HPYiollelt palWalluu Ha *KUBbIe OPraHH3Mbl. 


Tlocrynuso 
5 VII 1960 
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BHO®H3HKA 


i B. E. XOJIMOFOPOB u akagemuk A. H. TEPEHHH 
ti CBETOHHAYWUMPOBAHHbIN CHHAJ 9. M1. P. 
y B KPHCTAJIJIMYECKOM XJIOPO®HJIJIE B TIPHCYTCTBHU 


MIAPOB BO/IbI 


B mocueqHee Bpema Bpoyu c coaptopamu (1) o6HapyxHJ CieKTp 3. I. p. y 
KpHcTaiMyeckux XJopopusa HW xmopopuAHa HM MOKasa, YTO OH COCTOUT 
_W3 MeHee MHTeHCHBHOTO TeMHOBOTO 
; Cdem Gka. 
_CHTHada HM Ooee HHTeHCHBHOFO y3- 
Koro cHrHadla, NoABIsAIOMeroca mpH Y 
' ocBellleHHH. 
Hasmuve TeMHOBorO HM CBeTOBOrO 
CHrHaJIOB 9. Il. p. B KpucTaIH4eC- a 2 mun. 
KOM HM aMOp@HOM xwopoduse OblI0 a shina, > at 
HaMW Take OOHapy2xKeHO B Haale 
1959 r. w B 1960 r. BcBaA3H Cc OLHOBpe- a 6 b 
_ MeHHO IIPOBOAMBIIHMUCA B Halleli 
_ Aa6opaTopuu u3MepeHHAMH oTorpo- 
BEOMMMOCTH H (oTO-s. 1. Cc. B IIpHpor- Pue. 1. 9. 1. p. KpucTammHuecKoro xJOpopAl- 
/HBIX H CHHTeTH¥eCKUX NHIMeHTAaX. ya (a+ b) B Bakyyme, a — TeMHOBOii CHrHam, 
-B focaeqHee BpeMA ObIH MOY- 6 — usmMeHeHHe HHTeHCHBHOCTH CurHasa BO Bpe- 
YUeCHbI HOBBbIE pe3yJIbTaTHI, KOTOpble MeHH, 6—CHIrHal 3. TI. p. MNO OCBeMLEHHEM 
- ONHMCHIBaIOTCA HWKe. 


4 


. 


IKemepuHMeHTaAAbHAA YACTS 


B o6pasuax xaopodusna (a -+ b), sTHIxopopuniuga (a + b) uw eodu- 
-TuHa (a+ b), KOTOpBIMM MbI paciouaramM, cofepKaHve MurMeHta (a) Obls0 
-oKos1o 80%*. 
UccaeqoBpanve MpovsBolu0ch Ha CoOpaHHOM B sJaOopaTOpHu ClleKTpoMeTpe 
9. II. Pp. C MPOXOAHbIM Pe3OHATOPOM HM MIPOBOJOYHEIM OO/IOMETPOM B Kay¥ecTBe 
' fleTeKTupyromlero 3lemeHta. B KavecTBe HCTOUHHKa MUKPORBOJIHOBOH MOLLHOCTH 
| HCHOMb30BaNICA OTpaxkaTeIbHbIit KMHCTpoH Tuna K-29, craOHJIM3MpoOBaHHbIM 10 
paOouemy pesouatopy (7). Jia 3anucn cieKTpoB 9. I. p. Ha JIleHTe CaMonHclia 
HCNOb30BaJICA MeTON Mavioii MarHuTHOM Mofyatun c yactotol 400 rm (°). 
Uccnenzyemble o6pa3ibl B Be MOpOuiKa HJM CJIOeB, OCaxKCHHbIX Ha I10- 
BePXHOCTb CJIOAAHBIX JIHCTKOB, CBepHYTHIX B TpyOO¥UKY, HaXOAMJICb B KOHUe 
| TOHKMX KBapleBLIX aMIYJI, KOMyCKaBLIMX OTKAUKy HM OXxarKeHHe. Konel, am- 
IYJIbI BCTABAAJICA B WeHTp WMIMHApHeckoro pesonaTopa, padoralonlero B Tue 
- Kone6anuit Ho). 
t O6nyyeHue O6pasioB CBeTOM OT JaMIbl HakasuBaHHA 200 BT (co cBeTAULUM- 
_ ca TeoM d = 6 MM) Mpou3BOAMOCb HeMocpeCTBeEHHO B peSOHAaTOpe Yepes OT- 
_ BepcTue d = 6,5 MM; cBeT OT J1aMMbl (POKYCHpOBaJIcA Ha STO OTBePCTHe C TOMO- 
" INbIO CTEKAHHOFO KOHMeHCOpa, MpOlA Yepes TeMMOZa[HTHBIN BOAAHOM CBeTO- 
_ utp u cBetobupTp KC-2, mponycKaiouyHit KpacHy1o OOacTb cileKTpa. 
: Samvch KMHeTHKH HapacTaHua M CllaaHHaA CBeTOMHAYUMpOBAaHHBIX CHTHa- 
JOB 3. Il. p. MpOu3sBOLMJacb Ip yCTaHOBeHHH TaKOH BeJIMYMHbI MarHUTHOTO 
/HOJIA, IpH KOTOpO cCHrHad 9. Tl. p. HM@J MAKCHMAJIbHY10 AMILJIMTY/L. 


or oe 


= 


* Oopasubr OpwiM Mpurotopsentt MW. A. Tonosoi Bp Boraumueckom unctutytre AH CCCP 
nox, pykosogcTsom mpod. J. MW. CamoxHukopa, KOTOpOMy MbI BbIpaxkaem rry6okyto 6arojxap- 
HOCTb 3a MOMOIb H KOHCYJIbTaLLHiO. 
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PesynmbTaTH 


Xnopodbuaa (a+b). O6pasupr KpucTanumyueckoro xsopopujna 

(a + b), HaxoqMBIIMecA MpeqBapuTeIbHO B TeMHOTe, B BaKYYMHbIX yCJIOBHAX 
(10-4 mm), 6e3 ocBemleHuA pu Temmepatype 20° AaloT JOBOMbHO HHTeHCHBHY1O 
CHMMeTPHUHY!O JIMHMIO Norsomenua c nosymupnuHoh A H=11 rc B none, 
cooTBeTcTBy1romlem g = 2,0035 

Peet (puc. 1, a). UnrencuBnocts no- 

| TJIOMLeHHA COOTBeETCTBYeT Ha- 

JHuHIO OHOrTO HeciapeHHoro 

3lieKTpoHa Ha 10? Mmowekya 


0 2 muh. xsiopodusia. Ip ocpetexun 
a oOpa3ila HHTCHCHBHOCTb JIMHHH 
- eo 6 BO3pacTaeT, HO H€3Ha¥HTeJIbHO 


(puc. 1), a Bce OCTaJIbHbIe ma- 
PaMeTPbI JIMHHM OCTAIOTCA He- 


HMU3MeCHHbIMH. 
Puce. 2, BauauHe BiycKa BO3qyxa Ha TEMHOBOH CHrHaJ Ha pue. 1, 6, Tak xe Kak’ 
9.1. p. KpHCTaMyuecKoro Xlopopusia (a+ b). A— ya Bcex Cue YIOWLNX PHCYHKaXx, 


cHrHaJl B BakyyMe (1074 mm), 6 — H3MeHeHHeE HHTeH- Bs +4 
CHBHOCTH CHrHaJia BO BpeMeHH, 6 — CHIHa/l 9.11. p. B OTMeYeHHEIX OyKBOli 0, MpHBe 


IIpHCyTCTBHH BosmyxXa yeHa 3allHCb H3Me€HCHHA HHTeCH- 

. CHBHOCTH CHrHasia 9. MI. p. BO! 

BpeMeHH IIpH HeH3MeHHOM BesIMUMHe BHEWHEFO MarHUTHOLO MOA (BEPpTHKaJIbHbIe 
OTpe3KH KPHBOH COOTBETCTBYIOT OBeeCHMIO BEJIMYMHbI CHTHaJa 9. Tl. p. HO MaKcH- 
MaJIbHOrO 3HaYeHHA WIM MO MCXOMHOM KHYEBOM» IMHHM Ip HeMOABHXKHOM JeH- 
Te CAMOMHClla COOTBETCTBYIONIHM H3Me€HeHHeM BeJIMYHHEI BHEIWHeErO MaTHUTHOTLO | 
moma). Kak moKa3bl- | 
BaeT puc. 1, 6, H3Me- 
HeHHe HHTeHCHBHOCTH 
cHrHalla 93. I. p. pH 
BKJIOUCHHH OCBelLeHHA 
IIpOHCXOLUT JOBOJIbHO 


Onictpo. IIpupoct cu- 
rHawa, BbI3 BAHHbI 
OcBellleHHeM, O6paTHMO a 
ucye3aeT B TeMHOTE B ‘-—— 


bem baka 


Cbem bhn. * 


TeyeHHe He€CKOJIbKHX 
yacoB. 

Ecam B oTcytcTBHe &@ 6 G 
OCBelleHHA B aMMyJly 
C OOpasiloM Biyckaer- 
CH BO3yX, TeMHOBOH 
CHrHall 9. 1. p. Bospa- + 
CTaeT NO CTalMOHAPHO- pyc, 3. 9, m. p. KpucTanmMuecKoro xsopopusna (a+ b) Ha 
ro sHayeHuaA (puc. 2), sBosgyxe. a — TeMHOBOi cHrHad, 6, 2 — H3MeHeHHe HHTeHCHBHO- 
HE M@HAA OCTaJIbHbIxX CTH CHrHaJia BO BpCMeCHH, 6 — CHTHaJ 9. I. p. NOW OCBelLeHHeM, 
CBOHXx llapaMeTpos. O — CHrHadl 9. 1. p. B TeMHoTe yepes 10 MHH. Nocae BEIKUIOUe- 
CkopocTb M3MeHeHHA Py SES 
MHTe€HCHBHOCTH CHrHa- 
Jia pW BMycKe Bo3yxa 3aBHCHT OT ucNepcHocTH OOpa3ila H CKOpocTH Jud- 
cbysuu Boszyxa B amny.ry. IIpu orKayke Bosqyxa CHrHas clalaeT OOpaTuMo. 

OcBemjeHve o6pa3ita Ha BoOskyxe mp TemIlepatype 20° (puc. 3) BBISEIBaeT 
NOABJICHHe HOBOM, Oovlee y3koH (A/H = 7 rc), CHMMeTpH4HOM JHHHM Norsio- 
IeHHA (OOosHayeHHOH 3Be3qouKoH Ha 3amucH B puc. 3), pacnomoxKeHHOH B 
MarHUTHOM Tove, cooTBeTcTBy1ollemM g = 2,0030. OnHOBpeMeHHO MpOHCXOLUT 
He€3HaYHTeJIbHOe MOBbILIGHHE HHTCHCHBHOCTH TeEMHOBOrO CHrHaJa 9. Tl. p., YTO 
BHUIHO H3 CpaBHeHHA 3anucel a u bua puc. 3, YKa3aHHad CBeETOHHAYUMpOBaHHaA 
JIMHHA 9. TI. p. B OOpasie xJopodpusa, HAXO{AMLerocA Ha BO3LyxXe, HcuesaeT B 
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“TeMHOTe Ipu 20° 3a HeECKOMbKO YacOB, 3HAYHTeLHO YMeHbIWAaACh MO HHTeCHCHB- 
HOCTH cpasy xe MOCJe BHIKJIOYeHHA OCBeleHHA (pic. 3, 2 HO), MpH4eM cBeTO- 
BOH MpHpocT TeMHOBOrO CHrHaua 9. TI. p. XOpodpNsa Ha BO3LyXe NaaeT B 
_ TEMHOTe MeJJIeEHHO, C TaKOH 2Ke CKOPOCTbIO KaK M IA OOpasila xopobuasa, 
e Haxosaileroca B BakyyMe. HarpeBanue oOpasiia Jo 50° B TemHoTe MOBbINIaeT 
_ CKOPOCTb HCue3HOBeHHA CBeETOHHAYUMPOBaHHbIX CHTHAJIOB: OHH Mponalawr yxe 
_ Yepes 10 MuH. mocae Ha- Bes Chem buen 
yaa HarpeBaHHa. 
_  Onbitamu ycTaHoBuie- 
HO, 4TO T0CJIe BAKYYMHOH 
TPeHHPOBKH o6pa3iloB 
KPHCTaJJIMYeECKOTLO XJIOPO- 
usa (a+ b) BTeyeHHe ~~ 
3 uac. mpu 20° c nocue- a 6 G 
. Ayrouleh BbIepxKKoH 06- 
_ pa3IloB B TeMHOTEe B Teue- 
' Hue 12 yac., y3KHii CBeTO- Z 
' HHAYUMpoBaHHbl CHTHaJ 
» 9. 1. p. He NOABJIAeTCA, a 
' TEMHOBOH CHrHaJ BOSBpa- 
_ mlaeTes! K CBOei UCXOHOI 
- BesHUHHe. OnbITHI 1OKa3a- 
| JIM, YTO Cyxoli KucmOpoy 
(qaBieHve 180 mM) BbI3bI- 
BaeT He3HayHTeIbHoe T0- 
' BbIWeHHe MHTCHCHBHOCTH 
'CHrHasia 9. Tl. p. XJopo- a 6 G 
(pula B TeMHOTe, Mmo06- 
Hoe MOKa3aHHOMy Ha 
_pue. 2. OcpetlenHe 06- 
Pasha BMUPHCYTCTBHH CY- pyc. 4, Bauaune rasonoi cpeybl (Cyxoro KHCJOpoja H NapoB 
_xXoro KHCOpOAa BbISBIBA- ponEt) Ha CBETOHHAYUMPOBAHHbIt CHTHal 9. 1. p. B KpHCTas- 
eT JIMIIb HEOOJIbINOe BO3- smuuecKom xNopodusne (a+ b). /—curnan 9. n. p.’B CyxoM 
ES a cetera ipar etes ery bas 
ee See (puc. 4 1), aj eines cHTHavia Bo BpeMeHH,:6 — CHrHaml 9. M1, p- 
j nmoqo6Hoe moka3aHHOMy Mok ocBemeHHem 
Ha puc. 3 (3amucb 26), He 
-co3faBai y3Koro cBeTOMHAyuMpoBaHHoro cHrHaa. B otTMuHe OT cyxoro 
_KUCJOposa, BBeMeHue HACHILLeEHHLIX MapoB BosbI MpH 20° (qaBneHHe 18 Mm) 
B 3BaKYHPOBaHHY!0 aMIyJly C OOpa3ilOM BbISbIBaeT MOABJIeHHe MO OCBelleHHeM 
_ ONMCaHHOrO BbIWe y3KOro CHrHaJa 9. I. p. (puc. 4 //), O6o3HayeHHOrO 3Be304U- 
KoH M OOHapyxXeHHOro paHee B OOpasilax KpuCTalMyecKorO XJOpopuJsa 
(a + b), Haxoqsamuxca Ha Bosfzyxe. JlaHHble, MOJyYeHHble H3 OMNBbITOB, CBese- 
HEI B Tao. 1. 


Cem bhn 


Ta6nunua 1 


I g-@DaktTop AHy Te Bpema Bpema 
O6pasen, ieee 7S, een (Mee MA, , Eonenae ponenna 
TeMHOTA cBeT i cpet | curdasa | curHavia 
| 
Xnopopus (a + b) 2,0036| 2,0030; 44 i 6 muy. | Uacpi 
Xnopopunmuy (a + b) 2,0036 | 2,0030} 41 7 6 MHH. Uacni 
MeodputuH (a + b)-, 2,0036 | 2,0036}| 10 10 | Bererpo | acpi 


| 

) OTwaxnopomduaaung (a+b). PesyibtaTb, NoyyenHble Wa Kpu- 
“crammuuecKoro 3THIXMOpopusuya (a + b), Obl MOLOOHEI ONMCaHHBIM BBILe 
‘AA KpuctTamaMueckoro xMopopussa (a + b) (cm. Taba. 1). 


» 
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PeodutTunH (a+b). Ilpu uccreqoBaHHH 9. TM. p. KpHcTaIMYecKoroO 
cbeopuTuna (a + b) Obit O6HapyxKeH TOMbKO TeMHOBOM CHTHad 9. MI. p. CO CBOH- 
CTBaMH, IIpHCYUIMMH TeMHOBOMY CHrHaJly B KpHcTasMYecKOM XJOpopuuse 
(a + b) mu sTumxuopodpuiaugze (a + b) (cm. Tam. 1). CBeToHHAyuMpoBaHHoro 
y3koro CHrHasa, MoOOHOrO OMMCaHHOMY BbIlle, He HaOMOLaOCb HH B BaKyyMe, 
HH B IIpHcyTCTBHH MapOB BOLI. 

V3 u3Mepenuit HH*pakpacHbIX CHeKTPOB XsJoOpopusa HU deopuTHHa, BbIMOJI- 
HeHHEIX CHOpoOBbIM B Halleli maGopaTopuu (4), culeqyeT, YTO XMOPOPU B TBep- 
JOM MH paCTBOPeHHOM COCTOAHHAX OoJlee MPOYHO YepAKUBaeT MOJEKYJILI BOLI, 
yem Oe3MarHveBbit cbeoduTuH. AccolMaTbl deopuTHHa c BOOK B pacTBope 
yeThIPeXXJIOPHCTOFO yrulepoa CyMleCTBY!OT TOJIbKO pH MOHMKeHHOM TemMiepa- 
Type (+3 —-+7°), B oTAMuHe OT XMOPOPHIa, IA KOTOPOrO OHH COxpaHsAIOTCA 
B pacTBope axe npu +30°. M3 cnom KpucTasmMueckoro xJopodpusa, 10 ,aH- 
HbIM CuopoBa, He yaeTcA ylaJIMTb BOLY, Cy4A MO MH*pakpacHomy cMekTpy, 
lake pu mporpepe cJIod B BakyyMe Jo +50”. 

B Hauiux OMbITaX CBETOHHAYUMpOBaHHbIM CHrHal 9. M. p. Mpolasqan mpu 
JWIMTeIbHOM CTOAHHM B TeEMHOTe B HAaCBINeHHEIX TapaxX BObl OOpaTHmMo. OJ- 
HaKO, eCJIM JJIMTebHOH TPeHHPOBKOH HM OTKAYKOH yasIMTb CBA3AHHY1O MHrMeH- 
TOM BOY, TO CBETOHHAYUMpOBaHHbIt CHrHa Mponayai HeoOpaTuMo Hu Tpebo- 
BaJICA HOBbIM KOHTAKT C MapaMH BOJbI JIA ero pereHepallHH. 

Ha jjaHHol cTaqHu OMbITOB MOXKHO TOJIbKO YTBepKaTb, YTO OOpasoBaHHA, 
Jlatoulve y3KHit CHrHas, Co3aioTcA JeHCTBHeM KpacHOrO cBeTa Ha XJIOpOpH 
WH MelJIeHHO HcuesaloT B TEMHOTe B XOe OOpaTHoro mpollecca. Ha cyulecTBOBa- 
HHe OOpaTHOro Mpollecca yKa3blBaeT HaCbIeHHe CBeETOBOFO CHrHaJla, BHAHOe Ha 
puc. 3,6 u 4 /. OOpaTubli mpollecc ycKopsxeTCA HarpeBaHHeM, HO, MO-BHAMMO- 
MY, OH He BBbI3BaH yJaJleHHeM BOJBI. 

O mpupose sToro o6pa30BaHHA MOXHO NOKa CelaTb Mpenolo*KenHe, 
OCHOBbIBAaIOILeeCA Ha MPOBOLHMBIX B Hallie Ja6opaTOpHu H3MepeHHAX POTOTOKOB 
B XJopoduse HM ero aHasorax (°), YTO MOJIEKYJIbI BOLbI, OOIaaloulHe 9JIeKTPOH- 
HbIM CPOJCTBOM HM CrellMHyecKH CBA3aHHbIe C MMTMeHTOM, CJlyKaT aKIenTo- 
PaMH 3JIEKTPOHOB, BbICBOOO*KMAeMbIX KPaCHbIM CBETOM B KPHCTaJIe NHTMeHTA. 
XOTA MOseKyuJIbI Oz TAKE OOMALalOT 3JIEKTPOHHbIM CPOJCTBOM, HO He OOpa3yl0T 
B TeEMHOTe CreludHuecKHX aCCOMHAaTOB, KaK 93TO JesaloT MOoseKysbI H2O u 
D2O *, TIpHcoeHHeHHbIe BOJOPOAHbIMH CBA3AMM K IMPPOJIbHbIM ATOMAM a3OTA. | 
Kpome Toro, M0 MocsIeqHHM JaHHbIM, MOvJIeKy1a Oz HMeeT MeHbUIyIO BeJIMYHHY 
QJIEKTPOHHOTO CposcTBa, 4eM MpHHAMasOocb paHbute (°). 

JA MpoBepku 3HaveHHA JJIEKTPOHOAKIeNTOPHbIX CBOHCTB y CBA3bIBACMbIX 
MIMPMe€HTOM Ta30BbIX MOJI€KyJI Ha BOSHAKHOBeHHe CBETOHHAYWLMpOBaHHOrO CHr-— 
Hala XJOPOHI OblI MpHBeeH B KOHTAKT B BaKyyMe C NapamMu n-GeH30xHHOHA 
mp 20° (ynpyroctb 2-10-? mm). B pesyabraTe BO3HHK CBeTOHHAYUMpoBaHHblit 
CHIHaJl IIpHMepHO Tol 2%e BeJIMGHHbI, KaK HM B Clyyae mapoB HO. 

IIpoucxoxyeHHe TeEMHOBOrO CHrHasla y xJopoussa, cbeoduTHHa HM xJOpo- 
(puma HescHo. Kak yka3aHo Bbllle, BIycK Oz ero yBemHunBaeT. Bo3moxKHO, 
4TO STOT CHrHaJl HeMocpeACTBeEHHO CBA3aH C YBeJHYCHHeEM TEMHOBOHM MpoBoH- 
MOCTH PaCCMATPHBaeMbIX JbIPOUHIX MOJYMPOBOAHUKOBBIX TIHTMCHTOB. 

Bpipaxkaem Haury rry6oky10 mpusHatewbHocTb E. K. Ilyneitko u A. H. Cu- 
JOpOBy 3a KOHCYJIbTalHIo WM MHTepec K pa6oTe. 


Tlocrynuso 
28 XI 1960 
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Jloxrnxage Akaygemun nayr CCCP 
1961. Tom 137, Ni 4 


BHOXHMHA 


C. A. BYPHALUEBA u M. B. EBPEMEHKO 


_ AJIEHMHOBBIE HYKJIEOTHJbI HW AEHOSHHTPH®OCPATA3HAA 
AKTHBHOCTb HH®Y30PHH BUAA TETRAHYMENA PYRIFORMIS 


(IIpedcmaeaexo axademukom B. A. Ixeeaveapdmom 9 VII 1960) 


Boubuioe KOJIMYeCTBO SKCIePHMeHTAJIbHBIX JAHHbIX CBUJeTeJIbCTBYeT O TOM, 
HTO B OCHOBe pa3HOOOpa3sHEIx (POpM NpPOABJIeHHA ABUTaTebHOH CPyHKUMA KJeT- 
KH JlexKaT MPHHUAMNHaIbHO CXOJHbIe OMOXHMHYeCKHe MeXaHH3MBI. 

» Q@epMenTaTHBHOe H MOVJIeKyApHO-u3su4eCKOe B3aMMOseElicTBHe MexKy KO- 
HeqHbIM aKKYMYJIATOpOM XHMMueCKOl SHepruH KeTKH —AT® wu coxpaTH- 
TeJIbHBIM OeIKOM MBIII, — MHosHHOM (') 1pHoOpeto yHuBepcasIbHoe 3Ha4yeHHe, 
STO B3auMOfelicTBMe pacIipocTpanAeTcaA uM Ha Jpyrue opMbl OuosorMueckoro 
spree KJIeTOUHOe JeseHHe, HHTCHCHBHOe JBHXKeHHe MpOTOMMa3Mbl, TBuKe- 
IHA XWKTYTHKA ClepMaTO3OHOB, TPHIaHO3OM, ABYXKeHHA pecHHyeKk u T. J. Ilo- 
BUJUMOMY, pa3JIMUHbIe POpMbI MpOABeHHUA ABHraTeMbHOM (pyHKUHH KJIeTKH 
HeOOxOJMMbIM OOpa30M BKJIOUAIOT 9TAM B3aHMOseHCTBUA COKpaTHTeJbHOrO 
BemecTBa c ATO, 

. GSHAaYHMTeIbHEIM WHTepec MpefcTaBJIAlOT HCCIeLOBaHHA, MOCBAULeHHBIe BBI- 
ACHeEHHIO OHOXHMMYECKHX OCHOB PeCHH4KOBOrO ABKOKEHUA —XapakTepHoro WIA 
MHOFUX SIMHTeHaIbHbIX TKaHel HM MHpy3sopuH. Ha runepHHoBbIx MoOfeAX 
pecHHueK MepllaTeJIbHbIX SIHTeIHaJIbHBIX TKaHeH HeOa JIATYWIKH OblvIO MOKa- 
3aHo (*), 4TO Mpu AoOaBrenun AT® xk HenosBHxKHBIM peCHHYKaM ToceqHHe 
MpWxoLAT B KOseOaTebHOe ABuxKeHNe. AHaOrMuHble ABEHUA HaGUOLauCcb C 
MOJeAMH pecCHW4eK H3 CJIM3HCTOH HéOa 2*aObl M Tpaxeli OevOH KpbICbl H Kpo- 
auka (°). J[BuxeHve pecHHyeKk SNHTeIHA CIM3HCTON OOOOUKH PIOTKH JIATYUIKU 
yckopaercsa np joOasnenuu Mabix KouMuects AT® (*). CryKKeit (*) yctano- 
Bun Hanuune AT® B undysopuax Glaucoma scintillans u npocaequa o6HOB- 
JieHve ee JaOWJIbHBIX chocpopHEIx rpynn. 

| Hawn6onee untepecubim OObeKTOM, MSy4aeMbIM B HaCTOMMee BPeMA MHOTMMH 
AcceqoBaTeAMH B CBA3H C pa3spaGoTKOH MeTOZa NOCMeELOBATeNbHOH TeMOBOL 
O6pa6oTKH, BbISLIBaIOIeli CHHXPOHH3HpoBaHHoe JleeHHe KJeTOK, ABJIAIOTCH 
paBHopecHuuHble uHysopuu Bua Tetrahymena pyriformis. 

Ilemb1o OnvchIBaeMbIX B HacTOAUeH paOoTe HCCIeLOBAaHHH ABAOCb BbIAC- 
HeHHe 3HaveHuaA Makpospruyeckux coeluHeHHii AT®, AJI® u Ap. B ocymlectBue- 
HUM JBUraTeIbHO PYHKUHH NOABUKHBIX OpraHH3MOB — paBHOpeCHHYHbEIX HHpy- 
30pHi Buga Tetrahymena pyriformis —u u3syyeHue tbepMeHTaTHBHBIX CHCTeM, 
(OGeceuMBaIOIHX HCMOb3OBAHMe SHEPrH STHX COeAMHEHHH AIA IBUTaTebHON 
(byHKIMH pecHuyek. 

Metoguxka. Undy3opun sugza Tetrahymena pyriformis BpipamuBammcn 
Ha MvTaTembHOl cpése, cocTostleli us cboctbarHoro Oydepa pH 6,7 u 
KPbICHHOH MIM KposmMubeli MeyeHu. KysbTypa TeTpaxuMeH — Oe36akTepnamb- 
Haa*. IlurarembHad cpefa cTepHuIM30Balacb, HM 3aparKeHHe cpebl TeTpaxume- 
HaMM MpoBoqusM B OoKCe B CTepHsbHEIX ycloBuAx. KysbTypy TeTpaxumen 
KOHICHTpHpoBanM MyTeM WeHTpudyrupoBanusA B TeveHHe 3—5 Mun. mpu 3000 
06/mun. Cycnexu3ua TerpaxuMen lIpombiBasiacb 0,17 % NaCl fo ytanenusa doc- 
datos. OnsiTst npoBoxnauch c 7—10-HeBHbIMM KYJIbTYpaMH, BbIpallleHHbIMH 
Bon KOMHATHOM Temnepatype (20—23°). CoxpaHeHHe MOABHXKHOCTH H IeJIOCT- 
TSS 

* Kysbrypa Oniia 06e3Ho mpesoctapiena Ham If}, JI. MauiKopcKum, 3a YTO MpHHOCHM emy 
Bearve OarofapHocTh. 
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HOCTH KJleTOK KOHTPOJIMpoBasl0cb Mo, MAKpocKonom. Mudysopuu mpH mpHM 
HABUIHMXCA HAMM cmoco6ax OOpaGoTKM OCTaBasIHCb BOE 2KUSHECMOCOOHBIM 
COXPaHAJIM MOLBHXKHOCTb, MHUMCTHPOBaHHA He MPOWCXOMMJIO. 

JLia u3BeueHHA KHCOTOpacTBOpMMOH qpakunH HHdy3sopuu ToMoreHus 
popasucb c 5—7,5% TXY B romorenusatope Tuma Yopuura B TeveHHe 3—5d MH 
B HeKOTOpbiX OnbITax 1A Ooslee NOMHOTO M3B/eveHHA HYyKJeOTHAOB TOTOB 
JIM alleTOHOBbIt MOPOWOK TeTpaxXWMeH. I 
Uatingy (°), 3aTeM H3 alleTOHOBOrO Op 
wkKa U3BuleKaJIM KHCJOTOpacTBOpHMy 
pakuuio o6padotKoli TXY. C weap 
yasleHHA BeUleCTB, MeLIaIOWLMX XPOMAT 
rpaduyeckomy pa3yeJleHHiO HYKJIeOTHO 
TPHXJIOPYKCYCHbIM SKCTpakT UHy3sopu 
nosBepraJicA NpelBapuTebHOH OOpaboTk 
AKTHBHPOBaHHbIM yrviem. Jia pasfeeHH 
HYKJICOTHJOB ObIJI IPHMeHeH MeTO, xXpo 
MaTorpajuH Ha GOyMare; HCrOIb30BaH 
OJHOMepHad HHCXOLANLaA XpoMaTorpadu 
: HM AByMepHad XpoMaTOrpadus B WleIOuHO 
a 6 (4-lIpomaHos —aMMuak — Boga 60:30: 1 
(°)) H KHcJIOM (aMMHa4dHO-alleTaTHBI Oyde 

peut Puc. 2 pH 3,7 — 6yranon —stTanon 40:20:8 
Puc. 1. Conepxkanve HyKeoTHJ0B HHYK- (®)) pacTBopHTeiax. BEIABJIeHHe NATeH OCy 


JICO3HOB aleHHHOBOTO pxAa B TeTpaxH- CKO B 
M€HAX B IIpOleHTax OT OOeH CyMMbI BCeX TPCT BVISAQE ED Ds Yaa kee ey te PY 


yKNeoTujos. 1 —ATO+ Allo, 2— Oepra(*), a Takxe mo cocdopy. Ilpu uxex 

AM®, 3 — uHosuH, 4 — ayeHosHH THPUKAaUMH HYKJIeEOTHAOB ObIJI HCMOIb30 
Puc. 2. AT@asnas axTupnocts (B ram- BaH MeTOL pexpomatorpaduu. Kouuye 
Max (pocopa Ha | mr a30Ta 3a 10mMunH.), CTBEHHO HYKJICOTHIbI ONpeeJ AJM CIMeEKTPO 
a — CyCneH3HA WeTbIX TeTpaxumeH, 6 —  (hoTomerpHyueckH. Dochop onperxenamn mC 
ee ee sg na Met 3) BHOH3MeHeHHOMy MeTony Jloypu (%). Da 

(5-10-8 M) BLIABJIGHHA HYKJIeCOTHOB, a TakxKe coc 
(opHbIX cOeHHeHHH, He cOjJlep Karly 
IYPpHHOBOrO OCHOBaHHA, MpHMeHAJIcA peakTuB Xekuca wu Mimepsyya 
mMomHpuKalnn Beppoyca (1°). Hykneoruabl WeHTHpHUMpOBaHCch MO xapak 
Tepy CN€KTPOB MOrOWeHHA B yJIbTpaduoveTe MPH pasH4HEIx pH u MO COOT 
HOWeHHIO cdocdopa K ayeHHHy. AT@®a3Haa akKTHBHOCTb ONpeesAacb B CYCHeH- 
3HH IWeIbIX TeTpaXHMeH, TOMOreHaTa H PeCHHY¥KaX, H3O0/JIMPOBaHHBIX H3 Ted 
uHpysopuHi. Mudysopuv roMoreHu3HpoBaJHucb B Oydepe, cocTosulem u3 0,5 
KCI u 0,3 M NaHCO,, pH 8,5. Jaa onpenenenua AT@®asHoi akKTHBHOCTH ONBIT 
HY1O CMeCb TOTOBHJIH u3 0,3 MJ CycneH3HH WeIbIX TeTpaxXHMeH WJIM roMoreHa 
Ta MX, HH cycieH3HH pecuuyex; 0,3 ma GopaTHoro 6ydepa pH 8,7; 0,1 m 
5. 10-3 M pacrsopa, cofepxkamero nonbi Ca nau Mg u 0,3 Ma 2,5 uM pactBop 
cy6ctpatra AT®, A]®, AM®. Cmecb uHKyO6upoBanacb mpu 37° B TeyeHH 
10 Mun. DepMeHTaTHBHYIO peaKIMIO OCTaHaBIMBaM WoOaBsenuem TXY. Ko- 
JIM4ECTBO OTHLeNJeHHOrO (poctbopa onpesesasoch KoOpHMeTpuyeckH. ATMa3naa 
AKTHBHOCTb BbIpaKaJlacb B TaMMAX OTILelJeHHOrO docdopa Ha | mr a3oTa 3a 
10 mun. Asor onpegeassca Mocne cxUraHuA Mpo6 no Metoxy Heccsepa, MomH- 
HUMpOBaHHOMY JWI) MAKPOKOJIMUeCTB. 

PesyabtTaTu. JjanHble no cosepxkaHuio HYKJIeOTHAOB HM HYKJeo3H10B 
aeHHHOBOrO psa B TeTpaxXHMeHax MpHBeeHbl Ha pic. 1, H3 KOTOPoro BHHO, 
4TO B UHysopuAx Bua Tetrahymena pyriformis o6HapyxMBaeTCA 3HaUHTeIb- 
Hoe cowepxanve AT® (16% oT o6ulel CyMMbI BCeX HYKJIeOTHIOB), CoOMsMepHMoe 
c cojlepxkaHHem ee B pyrux KleTKaX—MblllIe H cnepMuax. Kpome AT® vu ALT® 
oOHapyxKuBaeTcA OoNbIOe CoMepxKaHve HYKNeO3HAOB aleHo3Hua HW HHOsHHA. Ka- 
Mea (™*) B KucloTOpacTBopumMoh dpakuuu Tetrahymena pyriformis oOuapyxus 
KpOMe ajJlCHHHOBbIX MPOM3BOHbIX YPHAHMOBbIe, WHTHIAMJIOBbIe HM TYaHHJIOBble 
(hoctpopHJIMpOBaHHble MPOWSBOAHEIe B CHHXPOHHO JeMAMMXCA KyBTYpax Te- 
TpaxHMeH. 
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Kak BHJHO 43 puc. 2, cycneH3Ha HepaspymieHHEIX TeTpaxHMeH OOHapyxXKH- 
jaeT HeOombuyIo AT@asnyio aKTHBHOCTb, OOycmOBeHHYI0, BepOATHO, HaJIH- 
eM C1a60 BbIpaxKeHHOH NoBepxHocTHolt AT@a3pl, He akKTHBApyeMol HOHAMH 
[arHuiAl HM yrHeTaeMOH HOHaMH Kasblua. AT@a3Haa akKTHBHOCTb romMoreHaTa 
(HySOpHH KaK B MIpHCyTCTBHU, TaK MU B OTCyTCTBHe HoHOB Ca u Mg ropasyzo 
pine AT@a3sHo AKTHBHOCTH cCycneH3Hu uApy3opHit, 
TO CBHJeTeJIbCTByeT O HaJIHYHH MpOuHO CBASAHHOli 
O CTpykKTypaMu TetTpaxuMeH AT®as3pI. Ilostomy 
H3MMaTHYeCKaA AKTHBHOCTb BHIABJIAeTCA B OOVJIbIUeli 
TeleHH Mocie paspyuieHuaA HHpy30pHi. PecuuukKu, 
bIeIeHHbIe W3 Tela HHPy30pHii, OOHapyKUBAIOT BbI- 
oxyio AT®asuyio akTHBHOCTD. 

Kak nokasbipaeT puc. 3, AT@a3Haa akTHBHOCTb 
YeCHHYeK SHAYHTEIBHO BBIllle, YeEM TAaKOBad romore- 
[aTa WJM WesbIX HHy3sopHi. Ouesuyuo, y uHdpys3o- 
MH, TAK 2Ke Kak y cnepmues (!”,1°), ATMasnHaa akTuB- 
[(OCTb OKA3bIBaeTCA JIOKAIM30BaHHOM B JBUraTesIbHOM 
WimapatTe HHdy3opun, T. e. B pecHHukax. BewHuHHbI 
AT@asHoli akKTHBHOCTH pecHH4eK Toro x%Ke MopsaKa, 
(TO MW crlepMHeB. 

_ Tipu qautembHot 9kcTpakuMH roMoreHata HHdpy- 
OpHit COJIeBbIMM paCTBOpaMH, MpHMeHAeMBIMH Jin 
ispueveHun AT@a3bl Mbumm (MHo3sHHa) H AT@aspr 


Pic. ee Puc. 4 


Puce. 3. AT@a3Haa akTuB- 

HOCTb (B ramMMax pocdpopa Ha 

1 mr a30Ta 3a !0 MHH.) HH- 

cbysopuu Tetrahymena py- 

riformis. au 6 — Kak Ha 

puc. 2, 6 — pecHHuKH TeT- 
paxHMeH 


MepMueB (ciepMo3HHa) (!”), B pacTBOp H3BJleKaeTCA 
KONO 35% AT@asHo akTuBHOcCTH roMoreHaTa HH- 
ay3opuit. 

UccneqopanuaA cielwuduynocTH cbepMeHTaTHBHOrO 
(eHicTBHA TOMOreHaTa TeTpaXHMeH MoKa3auu (puc. 4), 
[TO OH OOHApyxKuUBaeT cllelluduyeckoe JlelicTBHe 10 


Puc. 4. CnewHdusnocts cbep- 
MeHTAaTHBHOPO JeHCTBHA Fo- 
moreHata Tetrahymena py- 
riformis B MpHcyTcTBHH HoO- 
HOB MarHHsA. AKTHBHOCTb B 
rammMax qdoctbopa ua 1 mr 
asota 3a 10 mun. 7 — 2,5 
uM AT®, 2—2,5uM AT® 


THOUeHHIO K AT®, B MeHbIIIel CTeMeHH paciileniAeT 
\J1® uw BoBce He pacitenuaetT AM®, npuyem AJ[Pa3HanA aKTHBHOCTb OOHapy- 
KHBaeTCA TOJIbKO B IpHCyTCTBHH HOHOB MarHua. Bo3MoxKHO, YTO B roMoreHaTe 
IPOABJIAeTCA JelicTBHe MHOKHHASEI, Hapaay c AT®asoi. Ilo Jannbim Uaita (°), 
)ECHHUKH, BbIeIeHHble W3 Tela HHy3opHii Tetrahymena pyriformis, o6maqain 
MIOCOOHOCTHIO pacillelATb chocopHMpoBaHHble HyKJeoTHAL! ATP, AJM u 
\M®, npuyem cochop 6pictpee oTmenaica or AM®, uem ot ATO ux AIO. 
| OG6HapyxeHve MakKpospruyeckHx BeulecTrB —AT®, AJI® wu cBasaHHOH Cc 
[BHraTeJIbHBIM alliiapaTom uHdy3s0pHii (BepoxTHO, c pecHHukamu) AT@aspr — 
fOXKeT CBUETEbCTBOBATb O POJIH S9THX COeIMHEHHH B OCYUecTBJeHHM Bura- 
‘eIbHOH YHKUHH NOLBMKHLIX opraHH3MoB, Ilo-BHyMMOMy, B OCHOBe JBHra- 
‘eIbHOH (YHKUMH CMepMaTO30HJOB C HX XKFYTHKOBbIM MeXaHH3MOM H HHy3o- 
)MHi C HX PeCCHHUKOBbIM alllapaToM JlexKaT Te %Ke OHOXHMMYeECKHe 3aKOHOMepHO- 
TH, KOTOPbI€ YCTaHOBJIeHbI B HaCTOAee BpeMA MIA MbILMeCYHOH TKaHM. OHepre- 
MYeCKOH OCHOBOH JBHXKeHHUA ABMAeTCA B3aHMomeicTBHe AT® c G6enkom, 06- 
laaioujuM B OOJbUIMHCTBe CJly¥aeB aAKTOMHOSHHONOOOHKIMH CBOMCTBaMH. 


ViuctutyT Ovoxumun um. A. H. Baxa 
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H. A. TYMHJIEBCKAS uw akanemuk H. M. CHCAKAH 


O HYKJIEOTHHOM COCTABE HYKJIEHHOBbIX KHCJIOT 
HEKOTOPbIX BHJOB HACEKOMDbIX 


Vsyyenio HYKJIeOTHAHOrO COCTaBa HYKJICHHOBbIX KHCJIOT yleAeTCA Ooub 
10e BHHMaHHe B CBA3H CMpoOeMOH CiMelMwYHOCTH STOH rpynnbl coelvHeHHi 
K HacTOAULeMy BpeMeHH C 9TOH TOUKM 3PpeHHA OYeHb TULaTeJIbHO H B CHCTeMaTH 
YeCKOM IlJlaHe H3y4eHbI MAKpOOpraHH3Mbl M pacTeHHs. J,aHHble Ke MO XKHBOT: 
HBIM JlasleKO He CTOJIb CHCTeMaTHYHEI, B OCHOBHOM KacaioTca JIHK, a cBeqeHus 
mo PHK otuocatcs 6obuleii YaCTbIO K MOS3BOHOUHBIM (pblObI (1), MJIeKONHTAaIO 
uve (*), 3emHoBoyHETe (%)). MMetouvecsx TaHHble 10 PHK 2KHBOTHBIX He TOJIbK 
MaJIOUMCJICHHbI, HO HW He Bcerga JocToBepHbI. BowbuMHCTBO THMOB Oecil03Bo 
HOYHBIX B 9TOM OTHOLICHHH COBEPLICHHO He H3yYeHbI, HMCIOTCA JIMIUb OTeCJIbHbI 
JlaHHble 110 HEKOTOPbIM MIpefcTaBHTeIAM HIvIOKOwKUX (4), mpoctermux (°*). Io 
STOMY BIOJIHe Haspeia HeOOXOAHMOCTS H3yyeHHA coctaBa PHK u JTHK 2xHBoT 
HbIX Ppa3HbIX KJIaCCOB H THMOB B CHCT€MaTHYeCKOM IJlaHe, KaK 9TO CileaHO 
MHKPOOpraHH3MOB HM pacTeHHlt. 

Hamu O6b11I0 MpetNpHHATO H3yYeHHe COCTaBa HYKJICHHOBbIX KHCJIOT y Mpey 
CTaBHTeJleH GeCNO3BOHOUHEIX, THMa YWJICHHCTOHOTHX, KJlacca HaceKOMBIX. B JM 
TepaType HMeeTCA pA JaHHbIX mo cocraBy PHK u JLHK nacekompix (®-?%) 
MIOJIYYCHHHIX TlaBHbIM OOpa3s0M Ha TipeABapHTeJIbHO BbIeJeHHBIX Ipenapata 
HYKJICHHOBLIX KHcJIOT. Ham Ka3aslocb WeslecooOpasHbIM MpoBecTH H3yyeHHe co 
CTaBa HYKJICHHOBLIX KHCJIOT HEKOTOPbIX BHJOB HaCeKOMBIX 6e3 HX BBIJeeHHA. 

B HacTosilee BpeMA ycTaHOBJeHO Ha pAe OObEKTOB, YTO HYKJCOTHIHEIM 
COCTaB He MeHseTCA B pollecce pocta U pa3sBuTHA. JlaHHble, NoyyeHHble Ha 
MH * MW JpyruMH aBTopamu (8) Ha TYTOBOM lWesKonpsye, TakxKe CBHJeTeJIb- 
CTBYIOT 06 OTCYTCTBHH BO3PaCTHLIX H3Me€HeEHHH COCTaBa HYKJICHHOBbIX KHCJIOT 
y HaceKoMbIx. IlostTomMy HaM He ObIJIO HeEOOXOLHMOCTH MCMOJIb30BaTb TOJIbK 
OHTOreHeTHYeCKH OLHOPOAHEIN MaTepHadl HM MbI paOoTasIM Cc TeM, 4TO HMeIH 
CBOeM PachOpsxKeHHH: Alla, JIMYHHKU, KYKOJIKH M B3pocuible HaceKomble. B Te 
culyyaax, Kora cokepxKUMOe MHMLeBapHTebHOrO TpakTa MOFJIO NOBJIHATb H 
Ppe3yJIbTATbI ONBITOB, OHO yAasasocb. ua PHK ucnonp30Baucbh HaBecKH B 1 
nada JLHK 8 3—10 r o6e3xKHpeHHOro cyxoro, XOPOLIO H3MeJIbYeHHOrO MaTepHawa. 
OTMbIBKa KHCJIOTOPacTBOPpHMbIX CoeqHHeHHH, ruqpom“s PHK, sxkcrpakuna w 
ruipomus JLHK, cnextpocbotometpua u pacueT HyKJeoTHZ0B PHK u ocHoBaHHi 
JLHK mpopoyuuancb no MeToxy, OnMcaHHOMy B suTepatype (2!). OqHako HH3KOe 
coflepxkaHe HYKJICHHOBLIX KHCJIOT H HaJIMuMe MpMMecelHt B BHe MOYeBOH KUC- 
JIOTHI H [pyrux coesquHeHHH Bo Ppakunu PHK (*) co3aloT 3HauHTeJIbHbIe TPy- 
AHOCTH B KOJIMYeECTBEHHOM OlpesevieHHH HyKJeoTHZ0B PHK u mpHBoxaT kK cy- 
IL€CTBEHHOMY YCJIOXKHEHHIO MeTOJa pa3leJIeHHA MOHOHYKJIeCOTHOB. 

HicnouipsoBanHble HaMM paHee (7) MpMeMbI 1A KoMMYeCTBeHHOrO pasfe/eHuA 
M olpeleeHuA HyKJIeoTHL0B PHK B lipucyTcTBHH MO¥eBOH KMCJOTHI MH Apyrux 
mpMMecei (McHOJb30BaHHe pacTBOpHTesA usomponanom —HCI—H,O aaa ot- 
UeIbHOTO OlpeseseHHA YPHAHJIOBOH KUCJIOTbI) OblIH He BCera JOCTaTOUHbIMA, 
Bo MHOrHXx cyyanx KoM4eCTBeEHHOe olpeleleHHe HyKJeoTH0B PHK 6x0 
EO3MOXKHO JIHIIb IPH coueTaHHH 9JIeKTpodope3sa, MpOBoAHMoro MO MeTO,Y, 


* Jlanubie OyLyT omyOnHKOBaHbI Mo3qHee. 
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| MHCaHHOMY B JIMTepatype (”) uw xpomatorpadun (!2,”), Jia HaHeceHua HCnOsb- 
s0Balocb 20 —40 p 1 ragqponusata PHK, o6mnii o6bem KoTOporo cocTaBuiAd 2 MII. 
IIpeqpapitetbHo ObivIoO ycTaHOBJeHO, 4TO oOMpeleseHve HYKJeOTHIOB MeTO- 
JOM duleKTpodopesa HM XpoMaTorpacun JaeT coBnagaioue pesybTaTH. Bosee 
AeTabHO MeTOANKa onpeseleHua HyKNeoTHZ0oB PHK B npucytcTBHH MoueBOH 
_KUCJOTEI C pas60POM BOSMOXHBIX Mp TOM OMIHOOK GypeT ONMCaHa B cnellMavb- 

HOM cooOuleHun. 
__ PasyleneHve ocHopanuit JIHK mposogunocb B pactsoputenax (1°) n3onmpo- 
maHon — HCI—H,O (170: 41: 39) u 6yraHon —H,O—NH, (60 : 10: 0,8). 
Tlonyyenubie Hamu JanHble no cocrasy PHK nmpegcrapenbi B Tab. 1; OHH 
ABJIAIOTCA CpeMHUMH U3 8—12 onpexenenuli B KaxKOM U3 2 NapasWIeNbHBIX THI- 

_ powHsaToB, 


Ly a6, 70d Ia, 4 


HykaeoruazHeit cocraa PHK Hacekombix (B Mou. %) 


eh : r+y/ yp |r+u 
: , O6bexT r A ll ¥ ee Tap ALY 
} 
_ Orpsay Orthoptera 
f cBepuki — JIMYHHKH 28,7 | 23,6 | 26,7] 20,9 | 0,98 | 1,40 | 1,24 
- Orpsy Coleoptera 
__-MY4HOH vepBb — JIH4HHKH 29,0 1.23,9 | 20 ert 2070 ted On f 10) WE 23 
Orpsy, Hymenoptera 
MypaBbH — KyKOJIKH 26,,9)'.25,4: 1 2676.1, 2294: We 0, 96 4.10. ty 1545 
Web] — KYKOJIKH padounx nyew 28,9.| 20,0 | 24,4) 24, 95d, OF fp Uatisalaey ce 
mye bI — JIMUHHKH MaTOK 28,0 | 225, Gu) AGI geen eed Tih Me diten 
Orpsy Lepidoptera 
BOCKOBaA MOJIb — KYKOJIKH 2871 ep yo (lees SIs eon {18 crag 
AyOoBbl wenkonpsAy — KyKOJKH 2G,8.'| 20,4. | Bae |e Ave Wet ke 1 08: 54507 
HenapHbli menmkonpay — aha 2p | 26;0) |) 24,3 } 2450) Oy 08: 107 7 £500 
__ TYTOBBIN WenKONpsAy, — KyKOJKU 264.1 26,4 | 23,9) 1 23.5.9) ee weet 09) BOOS 
Orpaq Diptera 
 Aposodusa — umaro 2453) 29; 6-120; 8°-20;4>1 0598 4,13 40,84 
KOMapbI — JIMUHHKH Bos | oly Gu W9.,.% ) 2Oy dw oe, {tS OG 


Tipumeuaunue. [—ryanunosan Kucnota, A— agenusopan KucnoTa, L| — wHTHANTOBaA KH- 
cnota, Y — ypuyusopan KHCWIOTAa. 


’ 

; Bo Bcex u3yyeHHbix PHK waceKoMbix Ha6u0aloTCA ycTaHOBJeHHbIe Uaprad- 

OM 3AKOHOMepHOCTH cocTaBa, T. e. MOJIAPHadA CYMMa ryaHHJIOBOM M YpHAMVO- 

BOH KHCJIOT paBHa MOJIAPHOM CyMMe aeHHJOBOl WM WHTHAMJOBOM KMCJIOT 
vy 

Caan a 1). Tipu paccmotpenuu Ta6a. | BufqHO, YTO y H3y4eHHBIX 10 BUOB Hace- 


A+- I 
KOMBIX, OTHOCANIHXCA K TATH pa3JIMYHbIM OTPxATaM, HaGuojlaeTca olpeevieH - 


Has cneiuduunoctTh cocraBa PHK. Cpegu nux ecTb PHK scuo Bpipaxenxoro I1I- 
iN 
Tuma, Te KosdpullMenT cnelupuynocTn Ry >1 (1,24 y cBepyKos), c1a6o 


_ BbIpaxkenHoro I1]-Tuna, re KosdPulNeHT cnellMHuHOCTH paBeH HIM HeMHOrO 
/Gonnme 1 (y GonbMIMHCTBa H3YYeCHHEIX BHOB HaceKOMBIX) H AY-tuna (y Apo- 


. rT +0 
30*HJIbI H MOTHIIA), ‘re cy a 


Tll-tun PHK nan6onee pacipoctpanenublii B XXHBOTHOM M paCTHTeJIbHOM 
. r 
Mupe. PHK co cna6o BpIpaxenupim [1-Tun10M (rae a IpHOMKaetca K 1) 
OTMeyaacb y HeKOTOPHIX BUZOB GakTepuit (“), Y apXerOHMaJIbHbIX pacTeHHit 
(2), y HeKoToprIx rpH6os (1, 14), Bogopocseli (**), HaceKombIx (°,°). 
_ PHK ryrosoro menkonpsqa, paccMaTpuBaBiiaacd HaMM paHee (*) Kak IpH- 
Halexamaa kK AY-Tuny, 10 HaluM Mos{HeHWIMM AaHHbIM, UMeeT Kos@puuMenT 
cnelmpuyHoctu, paBubii |. 

AY-run PHK cpeau spicuimx pacteHuii, MAKpOOpraHH3MOB HM BbICIIMX YKHBOT- 
HBIX He OOHapy2XKeH. OHAKO B IUTepaType MpUBOAATCH CyyaH PHKAY-rnna. 3ro 
¥ 
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jlanHbie mo Tetrahymena pyriformis (*), aposoduae (°) u rpuOam ("*), re Ko3- 
(pHILMeHTHI ClelHpHIHOCTH COOTBeTCTBeEHHO paBHEl 0,71, 0,71 u 0,81, a BemuunHa 
a = 1,03, 1,12 1 1,18. Taxum o6pas3om, Hamm JaHHble mo PHK Aposouunl 
coracyloTca c wHTepatypHbiMH. Mutepecuo oTmetuTb, ato AY-Tun PHK Hamu 
oOHapyxKeH UH y Apyroro mpefcTaBuTetAa Toro %e oTpxya Diptera — y M4HHOK 
Komapa. Ilo Bceli BepostHoctu, PHK AY-ruma B Mpupose cylecTByeT, HO pac- 
IpOcTpaHeHa 3HaYHTeJIbHO MeHbue, veM PHK II] -runa. 

V3 taba. 1 BugHo, aro PHK w3yueHHbIx BHJOB HaCeKOMBIX XapakTepH3yeTcA 
nyp 
nup 
B mpeqetax 1 + 1,19. Koabpunuent cneunpuunocty y PHK u3yueHHbIx BHOB 
BapbupyeT B Mpefesax oT 0,76 no 1,24, a eCIM B3ATb MMelOIMecA B IMTepaType 
jlanuble 10 PHK no3BoHOUHbIX %KHBOTHBIX, TO Mpelesbl STH elle Oosee pacuiH- 
patea. Ecim cpeqv pacteHuii HekoTopble pa3iM4uHa B coctaBe PHK o6Hapy- 
2KUBaIOTCA B CHCTeEMaTHYeCKOM I1JlaHe TOKO Ha ypoBHe Tula (13), a y NO3BOHOU- 
HbIX XKHBOTHBIX COBCeEM He IIpOABJAIOTCA, TO Y HACeKOMBIX OHH 3aMeTHDI B Mpe- 
qlelaxX OMHOTO Ksacca. 

Bo3sMoxKHO, 4TO Mpelesbl BapbupoBaHua coctaBa PHK cpefW *KMBOTHBIX 
Ooulee INHPOKH, 4eM cCpelH pacTeHHH H MHKPOOpraHH3MoB. 

Bo3MoxKHO TakxKe, 4TO OovIbuIee pasHooGpasve coctasa PHK cBoiicTBeHHO 
He BoOOIe %XHBOTHBIM, a Oomee HH3KOOPraHH30BaHHbIM THNaM %KHBOTHEIX, 
B YaCTHOCTH OeCMO3BOHOUHEIM. 

Jlia Godlee opesemeHHoro cyKJeHHA O XapakTepe ChelupuyHocTH cocTaBa 
PHK y Ge3mo3BoHOUHbIX HeEOOXOAMMO OGceLOBAaTb OosIblilee KOJIM4YeECTBO BHILOB 
B CHCT€MaTH¥eCKOM MlaHe. 

J[anuble mo cocrasy JLHK mpesctTaBueHbl B Taba. 2. OHH ABIAIOTCA CheMHHMU 
u3 5—8 ompeleweHHii B KaxKIOM H3 ABYX MapadeNbHbIX PHAPOMH3AaTOB. 


OTHOCHTe/IbHO HH3KHM) cofepxKaHHeM MypHHoB. BennunHa KoueOsleTCA 


TAO Ul Waa 


CootHoueHve ocHoBaHHi B JLHK Hacekomblx (B Mom. %) 


‘ Pin tuscl ryp | r+u Aaay 
O6texT tT A ul T rT 4 Hup |A+T (P+ 
Orpsq Orthoptera 
cBepukKi — JIM4HHKH 21,1 | 28,8 | 20,5 | 29,6] 1,03) 0,97) 0,99 | 0,74 | 1,40 
Orpsy Coleoptera 
MY4HOH 4epBb — THYHHKH 20,8 | 29,0 | 20,3 | 29,8] 1,02] 0,97} 0,99 | 0,70 | 1,43 
Orpsq Hymenoptera 
My paBbi — KYKOJKH 21,7 | 28,5] 21,0 | 28,8] 1,03} 0,99) 1,04 | 0,74 | 1,34 


ueJbl — KYKOJIKH H JIMUMHKH 16,4] 33,6 | 16,0] 33,9] 1,02) 0,99] 1,00 | 0,48 | 2,08 
Orpsaq Lepidoptera 


HenapHbli Weskonpay — sfina 18,7 |31,3 14192 oO Os96)4,021e400) 0,010 iat Os 

TYTOBHIH Wenmkonpaq—kyKkomku | 18,5 | 31,2) 18,9] 31,3) 0,98) 0,99] 0,99 | 0,60 | 1,67 
Orpsay Diptera 

KOMapbl — JHUHHKH 195'9'1'3059 118, Oi 3454) 4154 0599!) 47 047) 0, Gti ieiGs 

posodusa — umaro 2251 27,3 | 22,5)|'20, 64, 0003;99)*.0, 991 05828422 


IIpumMeuauue. l —ryanun, A— azenun, Ij — uutTosun, T — TumMuH. § 
I 

M3 aHHpix Ta6. 2 Buquo, ato THK usy4enHplx BuoB HaceKOMBIX OOHapy- 
X%KUBaeT 3aKOHOMePHOCTH cocTaBa, yCTaHOBJeHHble Uapracdtom, T. e. = =, 


Uf 
A 
= 1, ae Ne mon = 1. HK nacexompix otHocat k AT-Tuny, kak HK 


*KMBOTHBIX HM pacTeHui. Kosdpunnent cnelupusHoctTu pont BapbupyeT B y3- 


KHX Tipetesax oT 0,48 fo 0,82. Takve «xe Mpesenbl BapbupoBaHuA cocTaBa 
HK o6vapyxusatores y Apyrux »xHBoTHBIX (1°) mu y pactenuii (12), Han6omp- 
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uHe pasHuuA UMeloTcA B OTpAe Hymenoptera, re y nuen OOHapy2KeH cpaB- 
MTeJIbHO BbICOKHH cpeqH u3yyeHHbIx JLHK xxusotupix AT-tun. Mmerwuneca 
MTepaTypHble aHHble 110 cocraBpy JLHK naceKompix (!°) rake CBHJeTeJIbCTBYIOT 

CpaBHUTebHO Ca0OM BapbHpoBaHuu coctaBa JLHK y sto rpynmbt xKH- 
OTHBIX. B cBxA3H C STHM BOSHHKaeT HEOOXOAMMOCTh H3y4eHUA CHeuMpHuHOCTH 
HK c TouKH 3peHHsA MOCceLOBaTebHOCTH HYKJIeOTHOB B ee MOsIeKyuJle. 


i * IJoctynuao 
2 XII 1960 
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BHOXHMHA 


A. A. TYPEBHY u H. A. TOJIOCOBA 


O JEMCTBHM AIPALLWH HW MEPEKWCH BOJOPOJA 
HA BOCCTAHOBJIEHHE METTEMOPJIOBHHA 


(IT pedcmaeaexo axademuxom II. A. Pe6uxdepom 17 IX 1960) 


Panee OblIO NOKa3aHO, YTO B TeMOWIM3HPOBaHHOM KPOBH HU WeJIbHbIX 9PHTpo- 
WHTAX HO eHcTBHeM aspallHH 3HAYHTebHO YCKOPAeTCA BOCCTAHOBJIeHHe MeTre- 
MOr10o6HHa B reMOorJoGHH acKopOuHOBOoK KuHcOTON ('). Mcxoaa u3 MOjeubHBbIX 
ONBITOB (7), OblIO OOOCHOBAHO IIpescTaBMeHHe, COrIacCHO KOTOPOMYy YCTaHOBJIeH- 
HbIM adPeKT OOYC.IOBJIEH MOHOBAJICHTHBIM OKHCJI@EHHeM aCKOPOHHOBOH KHCJIOTbI 
KHCJIOPOJOM BO3SLYXa, IPHBOAALWIHM K OOpa3s0BaHHIO ee AKTHBHBIX CBOOOJHBIX 
paluKavloB, BOCCTaHaBJIHBalOWlHX MeTremorjo6uH. Takum o6pa30M, OwaroqapA 
TIpOMe*KYTOYHOMY OOpas0BaHHIO AKTHBHBIX CBOOOAHbIX paWKasOB, OKHCJeHHe 
aCKOPGHHOBOM KHCJIOTH HHAYLUpyeT peakUMlo BOCCTaHOBJIEHHA MeTreMOrviOOuHa. 

IlpeacTaBiseT HHTepec BLIACHHTb, OKA3bIBaeT JH aspalluA aHaslorMuHoe eli- 
CTBHe TaK?Ke Ha BOCCTAHOBJIeHHe MeTreMOrJiOOHHa, MpoHcXosAlllee B IeJIbHbIX 
SIPHTPOWMTAX TPH yYacTHH CoOsepKallHXcA B HHX COOCTBEHHEIX JOHOPOB BOO- 
powa, MpefcTaBJIeHHbIX, KaK H3BeCTHO, MpeHMyllecTBeHHO rwiioKo30H (3,4). 

J 9THX OMBITOB CJ1Y2KH/1a KPOBb KPOJIMKa H YeIOBeKa, KOTOPas pasBOH- 
Jiacb B 50—100 pa3 dusHouornyecKHM pacTBOPOM XJIOpHcTOrO HaTpPHA, cOsep- 
2KalLHM B KavecTBe MeTreMOr1OOHHOOOpasoBaTea 0,2% HuTpuTa HaTpHa. Ilocte 
OOpasoBaHHA B SPHTPOUMTAaX MeTreMOrJioOHHa H TpexkpaTHOrO OTMbIBAHHA UX 
OT HUTPHTa (PPUSHO.IOrHYeCKHM PaCTBOPOM Ha IleHTpupyre OHH CyCieHAMpoOBasIHCb 
B (PUSMOIOPMYeCKOM PacTBOpPe H HCMO/Ib3OBaJINCb B OMbITAaX, KOTOPble CTABHJIUCb 
B TepMocTaTe IIpH 37° H MMeJM MposoOsKUTebHOCTh JO 6 yac. IlpomwenT oKcu- 
reMOrioOHHa, BOSHHKalollerO H3 MeTreMOrioOuHa IIpH ero BOCCTaHOBJIeHHH, 
onpeyqelAIca Ha clleKTpodoTtoMetpe BbekMaHa (C®-4) mytem H3MepeHHA onTHYe- 
CKOH IJIOTHOCTH Ha JIHHaX BOJIH 524 H 576 Mu. KpoMe TOYO, JIA KOHTPOJIA CeKT- 
PbI MOPIOULeHHA 3allHCbIBaIMCb Ha CaMOperucTpHpyrwouleM ciekTpodoToMeTpe 
(C®-2 M). H3mMepenua nponsBoqHch yepes vac HTH NMowuaca. Ilepel Kaxk- 
IbIM H3MepeHHeM MpoOa B3BeCH IPHTPOLHTOB TeMOJIH3HpOBalacb CallOHHHOM 
HIM JOOaBJeHHeM AMCTHWIMpOBaHHOK BOI. ONbITHI MpOBOLHINCh B JBYX Ba- 
pHaHTaXx: B OTKPbITbIX yYaliKaXx IletpH c HcNbITyeMOH B3BeCbIO MeTreMOrJIOOHHH- 
3HPOBaHHBIX 9PHTPOMMTOB, OOPasylOlleH TOHKHM CIO C OOBUIOH MOBepXHOCTbIO 
COMPHKOCHOBeHHA C BO3LYXOM, OOecMe4HBalollleH XOPOLIy!O adpallHtOo, HM B IVJIOT- 
HO 3aKPbITbIX MaJICHbKHX MpOOMpKaXx, 3allOJIHeEHHbIX CyCMeH3HelH IPHTPOUMTOB. 
Jina ciekTpocboToMeTpHpoBaHHA MpoObl MepeMBaJIMCb B OTKPbITyIO KIOBeTY, 
uTO oOecHeyuBaO ObICTphIi Mepexo reMorsoOMHAa B OKCHTeMorioOHH TakxKe 
B 1poOe W3 3aKpbITOH MpoOupKH. 

OTH OMbIThI MOKasaJIH, YTO HcCJleyeMoe «CIOHTaHHOe» BOCCTAHOBJeHHe MeT- 
reMOrIOOHHa B SPUTPOUMTAX 3HaYHTebHO YCKOpPHeTCA MO MelicTBHeM azpallun. 
Tax, B OJHOM M3 ONbITOB OKCHTreMorsoOvHa Oblo0 yepes | uac B uamKkelleTpu 
10%, B 3aKppITOit npo6upke 6%; uepes 2 yuaca, cooTBetcTBeHHO, 15 u 10%; 
yepes 3 uaca 24 nw 15%; uepes 4 uaca 26 vu 15%; uepes 5 uac. 29 u 16%. 

HodaBenue 0,2—0,4% roKosbI K CyCeH3HH MeTreMoriOO“Hu3upoBaHHbIXx 
SPHTPOUMTOB B PusHOMOrMueCKOM pacTBOpe He H3MeHHJIO yKa3aHHOW 3aBHCH- 
MOCTH CKOPOCTH BOCCTaHOBJICHHA MeTTeMOrIOONHA OT aIpPallHH, HO 3HaYNTeIbHO 
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NOBBICHJIO HHTEHCHBHOCT STOO Ipollecca, Tak, B OMHOM H3 OfbITOB OKCHreMO- 
ro0uHa ObiIo yepes 30 muH. B uamiKe Ilerpu 20%, B 3aKpHiToit mpoOupKe 20%; 
uepes | yac, cooTBetcTBeHHO, 35 u 34%; uepes 1,5 vaca 46 u 36%; uepes 2 aca 
57 wu 43%. 

SaTeM TaKUM Ke OOpa30M ObIO OpeleseHO BOCCTAHOBJIeHHe MeTreMoriio- 
OuHa Mp y4acTHH MOMOUHOKUCOFO KaibUMA KaK MOHOpa BOMOposa, MOOaBueH- 
Horo B KOHUenTpawuu 0,2—0,4% Kk tusnouorMyecKoMy pacTBOpy CO B3BeCbIO 
MeTreMOrIOOMHU3HpOBaHHHIX SPHTpOUNToB. B stTHx oMbITax OOHapy2xKuUsOCb GpI- 
CTpoe BOCCTaHOBJIeHHe MeTreMOrIOONHAa JaKTATOM KaJIbIMA, 3HAYMTebHO Mpe- 
BOCXOAlLee IO CKOPOCTH ero BOCCTAHOBJeHHe riHOKO3ON. C temb1O TOUHee BBIAC- 
HMTb 3aBMCHMOCTb JaHHOTO Mpollecca OT aspallMH OH MpoOBOsUJICA He TOKO 
IipH KOMHATHOM, HO MH Mp NOHMKeHHOH TeMMepaType B XOJOAHMbHHKe (-+5°), 
CHW KAIOIeH ero CKOpOocTh. 

OTH ONpeseseHHA MOKa3saJiH, YTO BOCCTAHOBJeHHe MeTreMOriOOMHa JaKkTa- 
TOM KaJIbIMA He YCKOPAeTCA MpH cBOOOAHOM ocTyle BOsLyxa, a HallpoTHB — 
a2palldA 3aMeTHO 3aMe/IAeT JLaHHbIi tipolecc. Tak, B OJHOM M3 OMBITOB OKCH- 
remorioOuHa Obi0 yepes 15 Mun. B uauiKe Ilerpu 34%, B 3aKpbITOH MpoOupKe 
49%; uepes 30 MuH., cooTBercTBeHHO, 38 u 60%; uepes 45 mun. 40 u 67%; 
yepes | uac 46 u 75%; uepes 2 uaca 48 u 85%. 

Kak W3BeCTHO, AHCCHMHJIAWMA POKO3bI COBepliaeTcA Oe3sbaepHbIMH 9pHT- 
PpoWHTaMH B aHa2poOHOM Iipollecce riMKONN3a (MpolyKT — MoJouHad KUCJO- 
Ta). AspoOuoe AbIxaHve IpOABJIAeTCA Y HUX JIMIIb B CaOOli cTeneHU, YCHIMBaACb 
BO MHOFO pa3 NOX BJIMAHHeM MeTHJIeHOBOM CHHU, KaK 3TO ObINO ycCTaHOBJeHO 
B. A. Surembrapatom u gp. (°). CormacHo CoBpeMeHHBIM MpescTaBsenusam (3,4), 
BOCCTAHOBJIEHHE MeTreMOrIOOHHA B OHOMOrMYeCKHX YCJIOBHAX TeCHO CBA3aHO 
¢ raukou30M. MMenHo, o6pa3yroulasca B 3TOM Mpollecce H3 TIOKO3SbI MOvIOUHaH 
KHCJIOTA CJIYKUT efO BOCCTAHOBUTEJIEM. 

Ucxola 43 W3JI0XKeHHBIX BHILe JaHHbIX, MOXKHO MpeAMONOHKUTb, YTO MeTre- 


-MOrJIOGHH BOCCTaHaBJINBaeTCA B SPHTpOWUHTax He TOJIbKO HeEMOCpeTCTBeHHO KO- 


"~~. 
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He4HbIM MpOAYKTOM TJIHKOJIH3a — MOJIOUHOH KHCJIOTOH, HO HM KaKMM-TO IpoMe- 
2KYTOUHBIM MpOAYKTOM JUCCHMHJIAWHM POKO3bI, OCYULECTBJIAIOWLHM BOCCTAHOB- 
JleHHe MeTreMorJioOHHa MocpeAcTBOM MevaTopa, ObecieynBalollero yCKopeHHve 
9TOH peakUMH Nox JlelicrBuemM a9pauuu. TakHM MejHaTOPOM MOx*KeT CJ1YKUTb 
acKOpOMHOBaA KuCOTAa (1), OTHOCHTeIbHO KOTOPOH H3BeCTHO, YTO OHA BXOJUT 
B COCTaB SPHTPOUHTOB, OOpa3syxA TaM OOpaTHMy!O OKHCJMTeJIbHO-BOCCTaHOBH- 
TeJIbHy!0 cucTemy (°). ITO mpekcTaBsIeHHe OCHOBaHO Ha JaHHbIX, COraCHO KOTO- 
PbIM BOCCTaHOBJIeHHe MeTreMOrioGHHa aCKOPOHHOBOH KUCJIOTOH He TOIbKO 
B IeJIbHEIX SPHTPOWMTAaX, HO M B FeMOJH3HpOBaHHOM KpOBH 3HaYHTebHO YCKO- 
pAeTcA No AelicrBvem aspallnu (1). TakumM o6pa30M, H310x%xXeHHOe MpPHBOAMT 
K NOATBepKeHHIO B3rvIAla O TOM, 4YTO MOMHMO OObINHOFO IJIMKOJMTHYeCKOTO 
NYTH BOCCTaHOBJIeHHA MeTreMOTIOGHHAa, B OpraHH3sMe CylecTByeT elle HHOK 
IYTb 9TOFO Mpollecca, pH KOTOPOM BOcCTaHOBJIeHHe MeTreMOrJoOuUHAa OCyLecT- 
BAeTCA 6e3 yuacTHA MOJIOUHOH KUCcJOTHI (°). 

Bpmie Oblio OTMeyeHO, 4TO yCKOpeHHOe BOCCTaHOBJIeHHe MeTreMorsoOuHa 
IIpH aspallHW BbISbIBAeTCA MOHOBAJICHTHBIM OKHCJI€CHHeM ACKOPOMHOBOM KUCJIOTHI 
KHCJOPONOM BO3LyXa, IPHBOAAULHM K OOpa3s0BaHUWIO ee AKTHBHEIX CBOOOJHBIX 
pamquKayoB, BOCCTaHaBJIMBAaIOIMX MeTreMorioOHH. Kak yxe paHee Oblio omu- 


1 caHo, TaKOe€ MOHOBaJICHTHOe OKNCJIEHHe acKOpOHHOBOK KHCJIOTHI BbISBIBAe€TCH Tak- 


Ke TepoKcuasHoli akTHBallveli MepeKHCH BOLOpOa, BHECeHHOM B NOMOMBITHYIO 


cpey U3BHe WIM BOSHHKarolileli B Hell Ip KaTasMTHYeCKOM OKHCeHHM acKop- 
OMHOBOM KUCJIOTHI MOeKYAApPHbIM KucMOpogom (',”). Merremorso6uH O6nazaer, 


| KaK M3BecTHO, MepokcuasHoli akTUBHOcTHIO (*). [looToMy MoxKHO OXKUAaTh, ATO 


TlepeKHcb BOLOpoka, IpHMeHsAeMaA Kak OOPasoBaTeJIb MeTremMorsio6uHa, Oyler 
B CO“eTAHHM C ACKOPOHHOBOM KUCJIOTOM yCKOPATb ero BOCCTaHOBJIeHHe B TeMO- 


rno6uH. JlelicTBUTeIbHO, COOTBETCTBYIOUIMe OMbITH! MOATBEPAMJM MpaBUbHOCTS 


9TOTO TpeqNouowKeHHsA. 


Ana WcCJIelOBaAHuA ObIIM UCMOJIbSOBaHbl KPOBb KpOJIMKa, reMOJIA3HpOBaH- 


“Has pasBefenvem B 100—200 pas cboctbaTHbim OydepHbim pactBopom pH 7 Kou- 


14* Pasi 


wentpauun 1/45 M, u pacTBopbl KpHcTasm4ecKOLoO reMorso0OuHa, MoyyeHHOrO 
H3 KpOBM KDbICbl, B TaKOM %*Ke coctpatHom Oydepe. Metremorso6“Hoo6pasosa- 
TejleM CJIy2KHJI XHHOH B 0,5% BOJHOM pacTBope B KomMYecTBe 2—3 KallH Ha 
5 Ma mogonbitHolt cpexbl. BoccTaHoBuTeseM MeTreMorJio6vHa Oblla acKopOK- 
HoBad Kuc0Ta B 0,05 M poxHom pactsBope B KomMyuectTBe 3—4 Kamu Ha | Kallio 
BHeCeHHOrO pacTBOpa XHHOHA. OMbITbI NpOBOAWJIMCh pH KOMHaTHOM TemMepa- 
Type Ha (boHe pa3sJIMUHbIX YCOBH aspalWH: B 9BaKYHPOBaHHEIX MpoOupkax 
Tyn6epra uM MmpH Jocryne Bo3yxa B OTKPbITbIX NpoOupKax. BoccTaHoBseHve 
MeTreMOrJIOOHHa OllpelestAOCb, KaK OMHCaHO Bbilile, CleKTpodoToMeTpnyeckH 
M BbIparKalOcb B IpOleHTaxX OKCHreMoroOuHa, ObIcCTpO BOSHHKaloOUlero TakKe 
B BaKYYMHBIX OMbITAX H3 reMOrioOHHa Ip MepeIHBaHHH MOLONbITHOrO pacTBOpa 
B OTKPBITY!0 KfOBeTY JI CeKTPO*OTOMeTPHpoOBaHHA. OMBbIThI CTABHJIHMCb B AByX 
BapHaHTax: 6es MepeKHcH BoZOposa H Cc AO6aBeHHemM 3—5 Kanlerb 0,6% nepe- 
KUCH BOsopoxa K 4 MJ pacTBOpa, cosep2Kanlero MeTreMorvio6uH. B BakyyMHbIx 
OMbITAX: paCTBOP ACKOPOHHOBOH KHCJOTHI C OOaBseHHeM MepeKucH BOsoposa 
Hu 6e3 Hee BHOCHJICH B 6OKOBO OTPOcTOK TpoG6upku TyHGepra, coxepKalier 
pacTBOp C MeTreMOrJIOOHHOM. 3aTeM, locjle 9BaKyallHH MpoOupoK, 3TH pacTBOpbI 
coeqHHHnch. TpososoKuTebHOCTb OMbITOB Oblia OT 15 MuH. Jo | Yaca, JIMUIb 
HeKOTOpble MpoowKaIHCb LO 2 yac. CulelyeT HMeTb B BUY, YTO H3ObITOK Mepe- | 
KHCH BOLOpoa H acCKOpOHHOBOH, KHCJIOTHI BbIZbIBaeT 3aMeMIeHHe HCCJeqyemou 
peakllHu. 

Jlanuble OMbiTbl — mpoBeyeHHble KaK B BaKYYMe, TaK H IIpH JocTyne BosLy- 
Xa —MOKa3aJIM 3HA4YHTeAbHOe YCKOpeHHe BOCCTAHOBJIeHHA MeTreMorjooHHa 
aCKOpOHHOBOM KHCJOTOH Mo eiicTBHeM MepekucH BOsopoya. YcTaHoBJIeHHbIit 
asbdekT OGHapyxKuBaeTCA MPH HCMOIb30BaHHH MeTreMOrioOuHa, MOJyYeHHOrO 
KaK B FeMOJH3HpOBaHHOH KpOBH, Tak HW M3 KpHcTaIMY¥ecKOrO FeMOrJioONHa. ITO | 
ycKopstollee JleicTBHe lepeKHCH BOLOpoa Ha BOCCTaHOBJIeHHe MeTreMOrvioOHHa | 
aCKOPOHHOBOH KHCJIOTOH ObICTPO MIpOABJIAeTCAH, A 3aTeM MOCTeleHHO 3aTyxaeT, 
BePOATHO, BCJIeCTBHe MOTpeOJIeHHA NepeKHCH BOLOpOa B XOe AaHHOM peakIlHH. 
Hrpxke pHBeyeHbl HEKOTOpble 9KCIMePHMeHTAJIbHble pe3y/bTAaThl, MOATBepxKalo- 
lle H3J1I0%KeHHOe. | eMOJIMSHPOBaHHaA KPOBb B 9BAKYHPOBaHHbIX MpoOupKax 
TyH6epra: okcHreMorjo06uHa OblLIO MPH MpoowKHTebHOCTH onbITa 15 MAH. 
c MepeKHcbIO BoLopoxa 21%, 6e3 NepeKucH BoZoposa 14%; pH NposowMKUTeNb- | 
HOCTH onbiTa 30 MHH., COOTBeTCTBeHHO, 31 u 18%; B OTKPHITHIX MpoOupKax Ye- 
pe3 15 MHH. c NepeKucbto Bosoposa 35%, Ges Mepekucu BoZopona 20%; 4epes 
30 MHH., COOTBeTCTBeHHO, 42 u 32%; 4epes 45 Mun. 67 u 64%. Kpuctannuye- 
CKHH MeTreMOrioOHH B IBAKYHPOBAaHHbIX IpoOupkax TyHOepra: okcHremorso- 
OHHa ObLIO Mp MpoOOJMKHTebHOCTH ONbITa 15 MMH. Cc MepeKHcbiO BO,Oposa 
24%, 6e3 MepekucnH Bozopogza 10%; pH MpoxowKUTeIbHOCTH onbIta 30 MHH., 
cooTBeTcTBeHHO, 16 u 10%; B OTKPbITbIX IpoO6upkax 4epes 15 MHH. c TlepeKHCbIO 
Boqopoxa 40%; 6e3 NepekucuH Boopoga 31%; uepes 30 MHH., COOTBeETCTBeHHO, 
50 u 44%; uepe3 45 mux. 56 u 55%; uepes 1 ac — 60 u 62%. | 

TakuM o6pa30M, MepOkcHa3Hast aKTHBAaWMA MepekucH Bofopola HHAYyUH- 
pyeT yCKOpeHHoe BOCCTaHOBJIeHHe MeTreMOrsoOHHa BreMorJiO6HH acKOpOHHO- 
BOK KucOTOH. IIpeqcraBseT HHTepec OGHapyxKeHve 9TOTO ABJIEHHA TakxKe 
B IeJIbHbIX MeTreMOrIOOHHH3HpOBaHHbIX SIPHTPOUHTAX. 


: Vucrutyt u3nku Moctynnso 
Cu6upeKoro oTgqeneHua Akagemuu nayK CCCP 14 IX 1960 


HWHMTMPOBAHHAH JIHTEPATYPA 
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BHOXHMH 


T. H. EBPEHHOBA, H. M. JIABBIJIOBA, A. Tl. CYKOBEP u C. B. TOPIOHOBA 


f 
J HYKJIEMHOBBIE KUHCJIOTbI TEPMO®HJIbBHOU CHHE3EJIEHOUM 
| BOJOPOCJIN MASTIGOCLADUS LAMINOSUS COHN. 


(II pedemasaeno axademuxom A. H. Onapunotm 25 VII 1960) 

. 
_ HyksewHosple KUCJIOTHI BMeCTe C JIPyrHMM COeAMHEHHAMM MpPHHUMAIOT aK- 
“THBHOe yuacTve B (epMeHTATHBHIX HM 9HEPreTHYeCKHX PeaKILMAX B KJeTKAX, 
'B TOM 4Hcye HB CHHTe3se Oeka. B TepModuuIbHEIX OpraHH3Max BCe 3TH Mpo- 
) Weccbl 3HaguTebHO ycKopeubI. Bmecte c TeM KaKMX-JIM60 JaHHbIX B JINTepatype 
‘HO HYKJICHHOBBIM KHCJIOTAM TePMOWHIbHBIX CHHE3eIeHLIX BOOpocieh Ham 
| HaliTH He yfanocb. [nA mMesoduibHbIx xe CPOpM CHHE3eseHbIX HMeeTCA JHUIb 
“HeOo.IbIlOe YHCIO pa6oT, B KOTOPLIX NOKa3aHO, YTO COCTaB HX HYKJICMHOBBIX 
'KHCJOT TOT Ke, 4TO y Apyrux opranH3mos. CosepxKaHHe HYKJICHHOBbIX KHCJIOT 
B TaKHX BOJOPOCIAX O4eHb HH3KOe, ocoGeHHO JIHK (',”). B noceqHeli Zomroe 
BPeMA HE MOFJIM KOJIMYeECTBEHHO OpeleJHTb THMHH. STO yalocb Cheat, 
‘MpHMenuB MeyenbIh asoT N’, KoToppiii BKmIO4aca B THMHH JLHK (2). 
 QO6bekToM HacTosulel paOoTL! ClyKUJIa YNCTAaA KyJIbTypa, CBOOOAHas OT 
OaktepHit (nosyyenHaa oT C. B. Topionopolh u3 Wuctutryta muKpo6Ovonoruu 
AH CCCP), TtepmoduabHoli cuHesejeHol Bosopocau Mastigocladus laminosus 
Cohn. 
— MertroguKka. [na HakonneHus MaTepHana BOJOpOCIM BbIpalllMBasHCcb 
‘Ha MHHepaJbHOH cpeye ciefyroulero cocraBa: Ca(NOs)2 0,5 r; KHePOs 0,3 r; 
‘MgCle 0,1 r u Bogubie pactBoppi 0,1% FeSO. 0.2 ma; 0,01% NaAsOs 0,01 ma; 
0,01 % NHaMoOQ7 0,1 ma; 0,01% NaeBsO7-10H2O 0,2 ma; 0,005% NHsVOs3 
@,1 Ma, HacbieHHOl KpemHeBoli KuCcHOTH 0,2 Mu; 1 J BoOOMpOBOAHOH BOLE. 
‘Cpena cTepuu30Baacb mp | atm. B TeyeHHe 30 MHH. SaTem, Nocule oxaxKyJe- 
HMA, BbINABINMH oOcaoK covlel OTPUILTpOBbIBaIcA, H 250 Ma npo3spayHoro 
usbtTpa HanwBann B Kon6Ont BunorpafcKoro emkoctbio Ha 500 mua. Tlepeg 
TIOCeBOM KOJIGbI CO CpeqOH cTepuIH30BaJINCb BTOPHYHO IPH TeX Ke YCJOBUAX. 
Bofopocau BbipaliiMBaiHcb B TepMOCTaTe C JIIOMHHECILCHTHBIMM JlaMmaMu Tel- 
‘loro Oenoro cBeTa npH 50—52° B Teyenne 1,5—2 mec. Ilo okoHYaHHM HHKy6a- 
IMU KYJIbTYPbI MpoBepATHCb Ha IIpHCyTCTBHe B HHX MePTBbIX KJI€TOK MeTOLOM 
JromuHecnenuun (°). Ha puc. | ani wBeTHbie (oTorpaduu BosopoceH, cHA- 
TbIX B JIKOMMHECIIEHTHOM MUKpocKone c OObeKTHBOM 90 X B MOHOXpoMaTH- 
‘wecKom cBeTe C JJIMHOi BOWHbI B 420 mp. UcTrouHMKoM M3uly4eHuA cayxKuna 
mamma TCBJIUI-250. Kak usBecTHo, *KMBbIe KJleTKH BOLOpPOCJeH B TAKUX yCw0- 
BHAX CBeTATCA KpacHbImM cBeToM. MeptsbiX KJleTOK B KYJIbType ObIIO O4eHb 
Maso. Ilocme mukKpo¢ckKomMyecKol MpoBepKH BOMOPOCJIM OTReNAMMCb WM MpOMbl- 
BasUCb BOLO OT KYJIbTYpaJbHOH Cpekbl WeHTpudyrHpoBanHem pu 2000 06/MuH 
B Teyenve 15 Muu. 3atem Macca pacTupasiacb B CTYIMKe C KHAKHM BO3,YXOM AA 
paspyuleHua KeTOK M BO3MOX%KHO Oovlee MOMHOrO MpekpallenuA MelicTBuA 
epMeHTOB HM B 3aMOPOXKeEHHOM COCTOAHHM CYIIMaCb JMOPHJbHBIM Cmoco6om. 
‘O6ujaa xapaktTepucTuKa MaTepHana (B MmpoweHTax Ha CyXxoH Bec)*: 


| * O6muit uv 6erKoBbIit a30T ONpeqeAIHCb MOJyMHKpoMeTowamiH Kpewibyania uv Bapnureii- 
Ha, cepa — B Buge ocafka BaSOs, (°'). 


Noo No6enx + Nuyxa. xuca N ye6enK Cepa Sou1bHOCTb 


4,14 3,06 0,58 0,62 9,95 
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ay 


“ 


ai 


Hykaeunospbe KucaoTH. Ana altalu3a HYKJICHHOBLIX KHCJIOT 
MbI Opas 1 r cyxoli MaCCHI, OTMbIBaJIM OT IMMPMeHTOB HU HU3KOMOJIeKYJIAPHBIX Be- 
(LeCTB CHayawla BOMOL, a NOTOM CIIMpTOM, Mocwle Yero BcIO OOpadorkKy H Ja/bHeli- 


A B 


ulee KOJIMYeCTBeEHHOe H3Mepe- 
HHe@ HYKJI€HHOBLIX KHCJIOT Ipo- 
BOLUM 10 CYMMHpOBaHH0 Co- 
CTaBJIAIOUIUX HX MOHOHYKuIeo- 
THJOB TaK, KaK 3TO yKa3aHO B 
pa6ote (°). B ocHoBe MmeToza 
J@KUT WelOYHOH  YruqpomHs 
PHK no IUmugry u Tanray3e- 


py. Hamu 6pbiaH mpHMeHeHbt | 


pasHble KOHI[CHTpallHi Weoun 
ot 0,3 yo 1 N. Han6onpmuit 
BbIXOX MOHOHYKJICOTHIOB ObII 
mowy4eH MpH rugzpoumse 0,8 N 
KOH 8B Teyenve 18 uac. mpH 
37°. CMecb MOHOHYKJIeOTHIOB 
paslemalach Ha OTJe/IbHBIe 
KOMIIOHEHTbl Ha  OYyMa?KHBIX 
aleKTpocdboperpaMMax, uleK- 
Tpoopes BelH 4—5 yac. pH 
2—0°, 875 3 # 0,1 ma. Ha 
3JleKTpotoperpaMMax OblI0 110- 
J1y4eHO IIATb MATeH, COep2Ka- 
WWHX: YpHAHIOBy!O, TrayHHio- 
BY1O, aeHHJIOBylO, WHTHAMJIO- 
BYIO H OJIM3Ky10 K Heli KHCJIOTHI, 
TlocuieqHAA elle MOJIHOCTBIO 
HaMH He HeHTHpHUMpOBaHa. 
B PHK cuneseueHoli Boopoc.in 
Anacystis nidulans bucsBocomu 
u Mbepcom (°) Obl HaliqeH HO- 
BbIi WHTHILMJIOBbIM + MOHOHYK- 
Ji@OTH, B KOTOPOM BMeCTO pH- 


6o3bl IpHcyTCTBOBasla MeTHJI- | 


pH603a. Bo3MoxkKHO, Halll MOHO- 


HYKJICOTH] OTHOCHTCA K TAKOMY | 


»*e Tuy. Ha puc. 2 ana co- 


Puc, 2. A —aektpotboperpamMa Mo- 
HOHyKJeoTHyz0B PHK: e¢ —crtapt, x— 
HeH3BeCTHbIM MOHOHYKIeoTHA, 1—1[H- 
THAHOBad KHCJOTa, 2 — aeHHoBaa 
KHCJoTa, 3 —TryaHHJOBax KHCJIOTA, 
4 — ypuyuopaa KHCOTa; CTperKoli 
moka3aHO HampaBleHHe BH KeHHA 
MOHOHYKJeoTHL0B. 5—XpoMaTorpamma 
ocuopaHH JIHK: J —ryanun, 2 — 
aleHHH, 3 — UWHTO3HH, 4—THMHH; 
cTpekoli OKa3aHO HallpaBjenne 
TBIXKeHHA pacTBOpHTelA 


TorpapuaA seKTpocboperpaMMbI MOHOHyKsleoTuszoB PHK (amexTpotoperpamMbl 


ay4ax (°)). | 


\ 


M XpOMaTOorpaMMbI JWId ocHOBaHHH JJHK cHuMaaucb B yJIbTpacpHOJIeTOBbIX — 


JesokKcupuOoHyKueuHOBAA KUCAOTA. TuAponns ppak- 


WHM, cofep»xameH JLHK, npopomuau Kak c 72%, Tak uc 59% HCIO, | vac 
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Puce. 1. Crevenve TepMopusbHolt CHHeseeHOH BOROpociH Mastigocladus 
laminosus Cohn. B JIIOMHHeECHeHTHOM MHKpocKore 


v 


JLAH, tT. 137, No 1, EspeHHosa, Jlanpigona, Cykospep u TopioHosa 


Ha KUMAeH BOMAHO! Sane. Ha OyMaxxHbIX XpoMaTorpaMMax CMecb OCHOBAHHII 
bila pasyeteHa Ha YeTbIPe OCHOBAHHA: ryaHHH, aeHHH, WHTO3HH UM THMHH. 
a puc. 3 MpuBeyena cotorpapun xpomatorpaMmbl. 

V3 smextpodoperpamm 4 xpomaTorpamM MononyKuieoTHyb! PHK u ocnosa- 
Hua JLHK smtouposanncn: nepprle 1 M ocharapim 6ydhepom mpu pH 7,0, 
Bropple 0,1 N HCl. B smoatax KonueHTpalina BellecTB U3Mepsacb CleKT- 
ooTomMetpHyecku (°). MononyK.IeOTHJHBIi CocTaB HyKJI@CHHOBbIX KUCJIOT IIpH- 
BelleH B TaG. | *, 

Hmxke Java XapakTepHcTHKa HYKJICHHOBbIX KHCJIOT 

oO MpaBunam Uapradda(*) (HaTHBHocTh (1), orHomeHHe 


J] 


‘TypHHOB K MMpuMuAHaM (2) “Tun (3)) **: 


Taa PHK Ana THK 

fe Tp 

T -|- v = i + I 
ALI 0,96 A+ 1,02 (1) | Pe. 

x AST, i / — C 

. i+y 1520 ¥ aT 1,07 (2) | 2. 

r > i r+ | 
Ay 1:27 AqT 1:02 (3) J 


1 | 


1 | 
Puc. 3. XpomatorpamMa yrviepogos nOVJIH- 
€axapuga dpakunn JIHK: J — ypouospie 
KuCIOTH, 2—Yaslakto3a, 3 — riokKo3a, 
4— maHHOo3a, apaOHHo3sa, 35 — KCHJI03a, 
‘6 — pu6o3a, 7 — ne30KcupH6o3a, 8 — pan- 
‘Hosa, 9, 10 — x-caxapa; cTpeKol nNoKa3a- 


L 


HO HalipaBJeHHe JBHXKeHHA pacTBopuTeuielt 


4 


‘Puc. 4. XpomarorpamMa aMHHOKHCJOT 6eu1- 
“Ka u3 dpakunH JIHK: J u J///] — cauperte- 
ju, JJ —ompit; / — wHcTHH, 2 — mu3uHH, 
‘3 — rucTuguu, 4— aprunun, 5 — acnapa- 
THHOBadA KuCIOTa, 6 —cepHH, 7 — riuKo- 
Kol, 8& —loTaMHHOBax KkuHCIoTa, 9 — 
TpeonHH, 1/0—aunanun, 11 — xkpouun, 10 
12 — tuposun, /3 — metuounn, /4—sBaun, nit 

75 — netuun, 16 — usonelinnn; crpeKoii 

‘MoKa3aHO HalpaBleHve JBHXKeHHA pacTBO- 

purTejen 


8 
sv 


a B j eS 


Puc. 3 Puce. 4 


e 


 Coglep»Kanve Geka W HYKJI€CHHOBLIX KHCJIOT B BOMOpOCJIH (B MpoueHTax Ha Cy- 
Xoli Bec) OKa3anocb culelyrouluM: Geka 21,97, PHK 0,23 u JLHK 0,05. 

_ V3 mpupeszenubix aHHbix cylelyeT, YTO COMep%KaHe HyKJICHHOBbIX KHCJOT 
B, cuHeseneHo Bogopociu Mastigocladus laminosus Cohn. oveHb Hu3Koe. 
IPHK sogopocei orHocutca kK sBHo-, a JTHK k caadoBbipaxkenHomy Tuny 
++ I, B KoTopom cymMa ryaHHHa HM WHTOSHHA MpeBblilaeT CYMMy Apyrux ocHO- 


* TIpu pacuete MOMApHBIX MpouweHTOB CyMMa BCeX MMKpOMOsel MOHOHYKJeoTH OB npH- 
HuMaetca 3a 100%, a NOnA KaxKJOrO U3 HUX BbIparwKeHa B MpOWeHTaX OT BCeH CyMMBI. 
** A — anenuu, T — ryanuu, I] — untosun, Y — ypayua, T — THMuH. 
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* : Ta6auna 1 


Jina PHK Ana THK 
% Ha CyXx. o % Ha cyx. , 
MOHOHYKJIeCOoTHy Bec MOJI1.'/ MOHOHYKJIeCOTHy Bec MOJ. % 
; : | 
Lurugumopan Kucaota}| 0,060 27,04 Jle30KCHUHTHAUJIOBaA 
: KucuOTAa 0,0140 24,6 
AjenunoBpad KuCcsOTAa 0,058 23,03 | Jles0kcuaqeHusoBaa 
; Uh KHcJI0Ta é' 0,0125 25,4 
Tyannopana Kuénota 0,073 29,59 JlesokceuryaHusopan |, 
i [ee : 0,0138 26,0 
Y puyusoBpaa KuCcOTa 0,042 20,34 Jles0kcuTHMH AH IOBaH 
i ay ™ KHCOTAa 0,0415 24,0 
” “ 


‘ . * 
Baunii. B PHK IIYpHHOBble COeIMHEHHA MpeoOsaaioT Hal MHPHMHMHOBbIMH. 
B coctape PHK naiiqeno maTb MoHOHyKseoTHZ0B. B HK na 6yMaxknolt xpo- 
MaTOrpaMMe ylal0OCb MOJY4HTb BCe YeTbIpe cocTaBIAIOUlMe ee OCHOBAHHA, 
B TOM 4HCle WH THMHH. 

Kpome Toro, 8o ppakunu JLHK, sbinagaiomei B Baye puOpHaa, Hamu Oblan 
ollpejeJieHbl nonucaxapHl H Oesok. CocTaB nomMcaxapuya HW Seka ycTaHaBJIu- 
BaJICA MOCJI€ COOTBETCTBYIOULUX PHLPOJIN3OB U pasesleHHA CMeCH IIpocTbIx caxapoB. 
M aMHHOKHCJIOT Ha OyMaxKHbIX XpoMaTorpamMax (*), Ha puc. 3 u 4 IpHBeeHbI 
(botorpapuu TakHx xpomaTorpamM. V3 puc. 3 culeqyeT, 4TO MoHcaxapuy co- 
CTOHT H3 YPOHOBbIX KHCJIOT, ralaKTO3bl, TPvIOKO3bI, MAaHHO3bI, PaMHOSbI, apa- 
OHHOSBI, KCHJIO3bI H JBYX H€H3BeCTHBIX CaXapoB. Curent pHOO3bI, BO3MOKHO, 
oTHocstca K PHK, a qes0kcupH6o3a — xk JTHK. B 6enke yqanocb ujeHTudu- 
uHpoBaTb 15 amunokucsoT. M3 Hux HanOoubUy!IO OO COCTaBJIAIOT aprMHHH 
H CepHH. 

Ham He yJalocb OTJeIHTb NOHOCTHIO NomHcaxapuy oT HK o6menpunsa- 
TbIM MeTOJ.OM Kup6u (°*), a TakxKe pasfwenuTb JTHK u OenoKk c MoMOULbIO 3/IeKTpO- 
dopesa. Bo3moxKHo, 4TO NMoHcaxapHy M OemoK cBA3aHbI B KommseKc c JLHK. 
OHAaKO JWI OKOHYATeEbHOPO CyKeHHA HEOOXOLUMbI JONOMHUTebHbIe aHHble. 

ABTOpbl BbIpaxKaloT HCKpeHHIOIO OarofapHocTb aka. A. WM. Onapuny 3a 
IeHHbIe YKa3aHHA, CieJaHHble HM B Mpollecce BbINOJIHeEHHA HaMH 9TOM padoTol. 


MockoscKuit TocyapCTBeHHbIlt YHHBepCHTeT Tlocrynuio 
um.| M. B. Jlomonocopa 21 VII 1960 
7 UWAHMTHPOBAHHAH JIMTEPATYPA 
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cek; Praha, 1950, ° K. S. Kavita J. Biochem, 66, 2 (1co7), 


216 
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; BHOXHMH fl 


COM THH-CEHb u M. H. JIEPMAH 


5 NEPEAMMHMPOBAHHE MEXKAY AMHJJAMH o*AMHHO- 
, M o-KETOJMKAPBOHOBbIX KHCJIOT ~ Lae. 


= 
\* 


“ 


+ 
» ‘ 


(IIpedcmaeaeno axademukom A. H. Onapunouw"18 X 1960) 
* 


r PeakiMH MepeaMHHHpoBaHuA peqcTaBAIOT YyHMBepCadbHblii MeXaHH3M 
; TpaHcNopTa aMHHOrpylll H CHHTe3a Pa3s/IMYHbIX aMMHOKUCIOT (1). 
B mocneqHve roxbl MoyyeHbl OKasaTesbCTBa AKTHBHOTO yuaCTHA AaMHLOB 
; @-aMMHOMKapOoHOBHIX KHCJIOT — aclaparnua u PiyTaMHHa — B peaKUMAX Me- 
_ peaMuHupoBaHua (*); OfHaKO BOIIpoc O peakUHAX MepeaMHHHPOBaHHA MEY 
STHUMU aMULaMH VM COOTBETCTBYIOUIMMHM AaMHJLaMH &-KeTOKUCJIOT MOUTH He H3y4eH. 
_ B 9ToM OTHOUIeHHM M3BeCTHO, UTO TpaHcaMHHasa rlyTaMuHa M Mpelapar nevwenn 
_ KDpbICbl, COJlepKallHi elle H TpaHcaMHUHa3y aciaparuHa, KaTasu3upyeT MepeHoc 
| aMMHOrpynnbl riyTaMuHa Ha B-aMH 4-KeTOAHTApHON (LaBeeBOYKCYCHOM) KHC- 
noTH (3,4), 
O6paTuMocTb peakUHii, KaTaH3MpyeMbIx TpaHcaMHHa30H actlaparHHa (B 
ciydae, Kora JoHopom NH,-rpynn cayxKuT riyTaMuH) M TpancaMMHa3sol raly- 
'TaMHHa, He Oblia Jo cHX Mop noKagaHa. PasqeneHve TpaHcaMMHa3 aMHJLOB H UX 
OYMCTKA MO3BOJHIM MOMOUTH K pelleHHIO 9THX BOMpocos (°). 
‘ B HacTostet pa6ote cooOuaeTcax oO ONocHHTese acilaparHHa 3 B-aMua a- 
KeTOAHTAPpHOH KHCJIOTHI H rlyTaMHHa Mo WelcTBHeM OUMLIEHHOM TpaHCaMHHa3bl 
acllaparMua, a TakiKe O peaKILHH NepeaMHHHpoOBaHHA Mery f-aMHJLOM &-KeTO- 
AHTapHoH-4-C!4 KucOTbl HW aciaparHHOM, KaTaJIM3HpyeMol TpaHcaMuHasol 
ryTaMHHa. 


QIkKenepuMeHTaaAbuHaad HaerTs 


2 2 = 2 


Hamu ObINH HCMOb30BaHbI OUMILeHHbIe ipelapaTbl TpaHcCaMHHa3sbl ryTa- 
_ MMHa 4H acnaparnua(®) 4 B-amuy 4-KeTOAHTapHot-4-C! KucsoTH —AKAK-C"4 (°). 
\ 8B onmbirax c TpaHcamuHasoii aclIiaparuHa OlMbITHble NpoObl coslepxKalH 
20 umon. ZL -rayramuna, 50pmou. amuga o-KeTosHTapHol KucnoTE (AKAK) 
wu 2 mrdepmenta B 0,6 ma 0,05 M Beponanosoro 6ydepa pH 8,4; KoHTpoIbHbIe 
TIpoObl coflepxKaiu BMecto L-rayramuHa 20 wmou. L-alaHunHa; MapaseubHO 
CTaBHJIMCh HW Apyrue HeOOXOAUMbIe KOHTPOMbUbIe 1poopl. [1poObl HuKyOupoBau 
_ 2 yaca npu 37°. 
Benku ocaxklaiv KuMAueHHeM B TeyeHHe 2 MHH.; OOpasytOulMiica acllaparuy 
 ompenensiin mocse xpoMatTorpadun Ha Oymare mo Metogy T. C. Ilacxunoit (’). 
B onpitax c TpaHcaMuHasoii riyTaMuHa MpoObl cosepxKasH 50 Mom. L-acmaparu- 
Ha, SO umou. AKAK-C!4 u 2,0 ur cbepMeuta B 0,9 ma 0,05 M BeponasosBoro 6y- 
dbepa pH 8,4; KontTpobHble npoObi coxepxKamn 20 uMow. L-rayTaMHHa BMecTO 
_acnaparuua. Ilocne ocaxkyeHun Geka HaflocalouHylO %KUAKOCTb Mponyckau 
yepes alcop6mMoHHyi0 KooHKy c KaTHoHuTOM JlayaKc-50 (H*) (25x 1,5 cm). 
Jina otgenenun AKAK-C!4 KonoHKy 3OHpOBaN CHayala BOAO, coOupasn Ha 
- aBTOMATHYeCKOM KOMJeKTOpe (pakWwHu M0 5 Mi. 
AKSK spilennetca B Bue OcTporo MuKa BO (pakuuAx 5 wu 6. J]nA Bpllese- 
| HMA actaparnna KonOnKy 9m0HpoBaH Up nomomHu 1,5 N HCI, co6upaa ppak- 
uuu 10 3 ma. Acnaparun Obl OOHapyxKeH BO (pakuuAx 27—29. 
Tlouyuenubie pactsopsl, coxepxxamHe AKAK-C'* nau L-acnaparuu, ynapu- 
BalH B BakyyMe (pu 30°) mocyxa. OcTaToK, coxepxKamnit AKAK-C™, pactBo- 
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pana B 0,5 ma N NaOH u ocrapaan na 10 MuH.; K MoyyeHHOMy pacTBopy 
Na-comm AKAK-C! go6aniaim 3 Ma 1% pactBopa 2,4-2mHuTpoeHusrHApa- 
suna B 2 N HCl uw co6upanmu oOpa3syouiiica 2,4-2MHuTpodeHuJIrHspason 


AKAK-Cl (4). KommuectBenHoe ompeseue- 


bai hinaat HHe THApasona IpoOu3BOLMWJIH MO MeTOLy 
IlepeamuHupoBaHne MexKy L-raytamit- KapasiwHi mp. (8). 
HOM H §-aMHJOM a-KeTOAHTAPHOH KHC- OcraTok, coxep»Kaulnii acrlaparuu, pac- 
morn (AKAK) nox ecrBuem tTpaHc- 


cicaauee, Geaeeccens TBOP AIH BO,2 MI BOXbI H OllpeweisAM acna- 
parHu KOJIM¥eCTBEHHO, KaK yKa3aHO BBIUIe. 
PajWOaKTHBHOCTb OMpelesAH Hello- 


CHHTe3HpoBa- 


5 z HO acnaparH- CpeAcTBeCHHO Ha XPOMAaTOTpaMMax TIO Me- 
CoctaB npod Ha, ». MOJ. Vy 9 * 
Ee Sooee Toy YHHTepHHrxd9Ma HU Jp. (°%) *. 


PesyabTaTbh HU HX OOcyKAeHNe 
L-raytamun + AK SK 3 

L-anaunn + AKAK ~ TlonyuenHble HaMH JaHHble mpescraB- 
AKAK bineele JeHbl B Ta6. 1 nu 2. W3 tTa6n. 1 oruer- 
JIMBO BHHO, YTO OYHULCHHbIM MpelapaT TpaHcaMMHasbl acnaparMuna, He cojep- 
*KALLHA TpaHCaMHHasbl iyTaMHHa, KaTasIM3HpyeT NepeaMHHHpoBaHue Mexyy L- 
rryTaMHHomM HK AKSK, mpwuem Ooulee HHTCHCHBHO, 4eM PeakitHio c L-ajlaHHHoOM 
B TeX 2%e ycloBuax. B. Ta6a. 2 MoKasaHo, YTO OUMMeHHEI MpenapaT Tpauc- 
aMHHa3bl PylyTaMHHa KaTasIM3HpyeT NepeaMMHHpoBaHHe Mey aclaparvHoM U 
AKAK-C**. B qaHHoM onbiTe B pawoaKTMBHbIli acnaparHH OblIO0 MpeBpalleHo 
okon0 7% Mmeuwenot AKAK. 

A. Matictep, BlepBble 0.1y4HBIUHH TpaHcaMHHa3y TulyTaMMHa, He cmMor JO- 
Ka3aTb, YTO peakWHH NepeaMHHHpOBaHHA TyTaMuHa OOpaTuMEl (1°). Sto 6pli0 
OOYCAOBJIeHO TeM, YTO y-AMHI &-KeETOrIYTapOBOH KHCJIOTHI pH PusHOMOrMYeCKUX 
3HaueHHAX pH wnkM3yeTcH C yTpaTOH a-KeTOrpynmbl; KpoMe Toro, KeTOaMH- 
ya3sa, pucyTcTByoulad B mpenapate Maiicrepa, e3amMHuyupyeT aMHJbI a-KeTO- 
KapOOHOBEIX KHCJIOT. 

CoppeMeHHble T1pecTaBJIeHHA O MeXaHH3Me cbepMeHTaTHBHOTO MepeaMHHH- 
POBaHHA MOSBOIAIOT MpeAIOIO*KUTh, YTO TpaHcaMHHa3a PyTaMuHna (B aberuy- 
HOH (opMe) MoxeT OOpaTHMO pearHpoOBaTb C G-aMMHOrpynMo acraparuua; 
CJleOBaTeIbHO, B IpucyrcTBHH MeyeHHoH C!4 AKSK moxHo omkusaTb NoABMe- 
HHA MeTKH B aciaparuuve. STO Mpelnooxwenve, KaK BHHO W3 Tabu. 2, NoNHO- 


Tao6uunma’2 


Tlepeamunupospanue mexyjy L-acnaparmHom Hu §-aMuJOM a-keTOAHTap- 
Hol-4-C™ kucnotoh (AKAK-C™) nox yelicraHeM TpaHcaMHHa3bl rlyraMuna 


OTHOCHT. YX. AKTHBHOCTh, 
HMM/MHH+2. MOJIb 


Tlepeamunu- 
Coctas npo6 
2,4-quHUTpo- | POBaHHe, % 
acnaparuu cenusruypa- 
son AKAK 
AKSIK-C™ (6e3 cbepmenra) 0) 4,53-104 9) 
AKAK-C™ + acnaparnu 
(c tepmeHtom) 0,30-404 4,58-104 Oy 
AKSAK-C¥ + raytramun 
(c cbepMeutom) 4,50-104 4,53-104 = 


CTbIO MOATBepAH0cb. TakuM O6pa3oM, TpaHcaMHHa3a TlyTaMMHa KaTaMsupyer 
OOpaTHMyl0 peakUHIO TlepeaMHHUpOBaHHA M@XKLY aMHaMH a-aMHHO- i a-KeTO- 
AMKapOoHOBEIx KuCcJoT. M3 HanmmMx WaHHbIx cekyer (CM. Ta6a. 1), uTO TpaHc- 


* TIpHHocum uck 
MepeHHit. 
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pennioio 6laroxapnocth M. T. Mo3sHakoBy 3a MOMOMb B BHINOMHeHHH H3- 


aMMHa3a aCIaparuHa KaTamM3upyet MepeHoc aMMHOrpyMnbl riyTaMMHa Ha KeTO- 
aHauior acnaparuna, AKSK. tax, nam pesyETaTbl uM uTepaTypHble aHHble 
MOKAa3bIBalOT, YTO TpaHCaMHHAa3bl AMHOB CHOCOOHLI KaTaJIH3MpOBaTb OMOCHH- 
Tes actaparuna us AKAK u rayramuna WIM pasIMuHEIX MpMpoxHEIX aMu- 
HOKHCJIOT. 

Takum oOpas0M, peakIMH NepeaMMHUpoOBaHHA He TOKO MrpaloT BbIal0- 
“UlylocA pOulb B CHHTe3e AMHMHOKUCJIOT, HO MOryT OOeCMeuHBaTb CHHTe3 AMHJLOB. 


BbBBOH 


1. Tpancamunasa acnaparMHa KaTaM3upyer peaklMio HepeaMMHHupoBaHHA 

eK 1y MlyTaMHHOM HW B-aMHJlOM 4-KeTOAHTApHOH (1aBeJIeBOYKCYCHOM) KHMCJIOTHI. 
2. TpaHcamuna3a rilyTaMuHa ocyilecTBAAeT peaKIMIO MExKLy acaparnHoM 
M B-aMMJlOM &-KeTOAHTAapHOH KUCOTHI. 


Mucrutyt 6uovornueckoii x TlocrymHs0 : 
M@QMMHHCKOH XHMHH 29 1X 1960 
AkajeMHH MeHIHHCKHX HayK CCCP 
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Jloxrnxaygn AKkayemun nayk CCCP 
1961. Tom 137, Ni 4 


° IMBPHOJIOTHA PACTEHHR 


T. b. BATbIFHHA 


H3MEHEHHE MY)KCKHX TAMET B XOJE ONJIONOTBOPEHH A 
Y NWEHWLEL 


(II pedcmaeaeno akademuxom B. H. Cyxaueeum 13 VII 196 0) 


B pe3 yubTaTe H3y4¥eHHA Mpollecca ONMOAOTBOPeHuA y TMWeHH ObI0 ycTa- 
HOBJIeHO ( ), YTO HM CBOHCTBEH MpeMHTOTHYeCKHH THI ONNOLOTBOpeHusA. B HactTo- 
sel pa6ote Sovlee NOLpPOOHO ONMChIBaeTCA BeCb UMKJI M3MCHCHHA CHepMHeB OT 
BO3HHKHOBeCHHA MX JO CJIHAHHA C XKeHCKHMH ALpaMH y pa3sMyUHbIX BHOB 
IMeHHI. 

CrlepMUHH B MIbIIbIeBOM 3epHe MUICHHIUbI HMeIOT BHA, Kak y2Ke yKa3biBaocb(’), 
CulerKa BbITHHYTbIX H 3aOCTPeHHbIX C OMHOM CTOPOHHI TeJI H HaXOMATCA B CTaHH 
Temopasbl* (puc. 1). 

PasMepbl MY2KCKHX 3JICEMCHTOB, TaK 2Ke KaK HM 2%KCHCKHX, YBeJIHYHBAIOTCA 
B COOTBETCTBHH C BO3pPaCTaIOUIHM YHCJIOM XPOMOCOM B TIOJIMMJIOMZHOM psy 
BUOB mueHHI, (cp. puc. 2). MopMa cnepMuveB y MIWeHHI, C MOMeHTAa HX BO3- 
HHKHOBeHHA B TIbIJIbILeEBOM 3epHe lO onayaHvA UX B MIbWIbUeBylO TPyOKYy H3Me- 
HaAeTCA (pic. 1). N3mMeHenve 9TO NposouKaeTcA HW M03MHee, Kora OHH HaxOpAT- 
ca yxKe B IIbJIbIeBLIX TpyOKaX B TKAHAX NMeCTHKA HW B 3apOJbIINeBOM MeliKe, 
I1pH¥eM H3MeHEHH A 3TH MOQOOHHI TeM, KaKHe HAOMOLa/IHCb 1A BAOB Crepis(®,®,1°). 

IlpopactaHne MblIblbl Ha pblbie MWeHHI HayHHaeTcA yepes S—15 MUHH. 
Mocle OMblIeHHA (IpH Temmepatype 25—27°). B mblibleBLIx TpyOKax, pacTy- 
IiMX B TKaHAX MecTHKa, CN€PMHH KaxKAOH Napbl MOryT pa3MyaTECA No CBOeMy 
BHelHeMy BHAY HM B pa3HbIX TIblIbUeBLIX TpyOKaX JIe@KAaTb Ha pa3Hbix 
paccTOAHHAX pyr OT Apyra; axe B OMHOH UH TOH Ke MblMIbWeBOH TpyOKe 
OHH MOryT M€HATb CBOM pacCTOAHHA MO Mepe ee NpOABHKeHHA. B MbIVIbILeBLIX 
TpyOKax, HAXOJALLNXCA B HKeHCKUX TKAHSAX, CIeEPMHH B OCHOBHOM OoJlee CHJIbHO 
BLITATHBaIOTCA WH HMelOT YepBeOOpasHYt0O, JIeEHTOBHAHY!O dopmy. MxHorma we onn 
Tak CHJIbHO JecNHpaH3yiOTCA, YTO YaCTO BLITATHBAIOTCA B JMHHY!IO TOHKY!O 
HHTb (puc. 2 6, 4). [[blibueBble TpyYOKH NPOXOAAT B TKaHH NecTHKa, pa3qBuraA 
erO IIJIOTHO COMKHYTHe KJIeTKH, BbISbIBAA HX TecbopMallHl0, a IPH MaccoBOM IIpo- 
pacTaHHH — uM pa3pymienue. 

Y MMeHHI, CIepMHH BMEeCTe C IIbIIbUeBLIM COJepKHMBIM, TonmaB B 3aposbue- 
BbIii MewIOK (Yepe3 15—20 MHH. TlocJie ONbINeHHA), 1O-BHMMOMY, HeKOTOpoe Bpe- 
CA 3ajlepxKHBaloTCA B CHHepruge H MpeTepMeBaloT abHeliwe H3MeHeCHHA 
(puc. 3 a). [lonafqaa HecKOJIbKO 103%Ke B IMPOCTpaHCTBO Me?K]Ly 2KeCHCKHMH KJeT- 
KaMH, CIe€pMHH paCXxOATCA B MpOTHBOMOJOXKHEIX HallpaBeHHAX, NpHyem 
OMMH H3 HHX MoMafaeT B WeHTpabHy!lO KJeTKy, Apyroh — B sAleKneTKy. 
CnepMuii y MIMeHHI, JOBObHO Zomro (okoO 1 yaca) HaxOUTCA B WMTONNAa3sMe 
AUWEKJeETKH, IpeKe veM OH IIpHeT B KOHTAKT C e€€ AJPOM, B CBA3H C 4eM 
ylaeTcA MpociequTb 3yecb pA cha3 ero JlaibHewux mpeBpatlenuHh (puc. 3 
6é—0). B wnwronia3Me sAHWeKIeTKH CNepMHi HauHHaeT pa3pbIXJIATbCH, U B 
STOT TepHOX OcO6eHHO OTYeTJIMBO BHA ero CTpyKTypa. PacTBopeHve cnepMuA 
Ha 2KeHCKHX Aflpax, Kak I1paBHJlOo, HaYHMHaeTCH C IWHpOKOTO KOHIa, KOTOpbIl 
ObIcTpee PaSpbIXJIMeTCA H paHbille TepAeT CBOM OYepTaHHA (puc. 3 2 — Mm). 
IIpu Ooee cuuIbHOH ecrMpanu3alMM XpOMATHHOBHIX HUTel ClepMus HaGwIO- 
faeTcH NOABIeHHe MyKCKoro Afpbuuka (puc. 3 A —p). Takum o6pa3om, 
ClepMHH, MOoOHO TOoMy Kak 9TO uMeeT MecTO y Crepis (°°), No BAHAHHeM 
MOKOAMMXCA B 3TO BPCMA XKCHCKHX KJJ€TOK MepexOLUT OT TemodaTHyecKOrO Co- 


* Wccneqopanublii Matepuan dukKcupoBanca xpom-aueT-popMosom mo C. Hasawuny 
(10: 4:1); gaa oxpacku mpyMensach peakiua Denprena Cc nNo_KpacKoli NHXTIpioH. 
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CTOAHHA K NOKOAMLEMYCA, 3aKaHYMBaA CBO WHKA pasBuTus. Ilocne oKonya- 
TeJIbHOTO CJIMAHHA CIePMHA C AAPOM AIeKeETKH BCA CHCTeMa BiakaeT B MOKOil. 

IIpomecc norpyxenua uM mpespanenua CHepMHA B IWeHTpasbHOH KJleTKe 
(puc. 4) cxoyleH c TakoBbIM B siileKeTKe, HO MIPOHCXOAMT 3HaAYHTeIbHO ObicTpee. 


ye 
Si 
G05 ey 


Puc. |. []bibuesbie sepa T. dicoccum He3sagzouro MH BO BpeMsA MpopacTaHHsA, B KOTOPbIX BHHBI 
cmepMHH, CHPOHOreHHOe Apo HW KpaxMaJIbHble 3epHa. BHH3y — CnepMHH H3 pa3/IHUHBIX MbWIb- 
IeBLIX 3epeH ; 


7 wise 


Puc. 2. CnepMHH 43 TIbIIbUeBLIX Tpy6OK, pacTyu\HX B TKAHAX MeCTHKa 
BCKope Mocwe onblieHuA. a—T. monococcum, 6—T. dicoccum, ¢— 
T. vulgare 


MOMe€HTY KOHTAKTAa CO CIepMHeM MOIApHble Apa y MUeHHIL He CJIMTHI HM Crep- 
Mit MOrpyxKaercs B OHO U3 HUX, OObIVHOBTO, KOTOPOe JeKUT ONMKE 10 NyTH 
ero JBM>KeHMA; BCTpeyaroTca, OHaKO, CJlyyaH pacTBOpeHHs CHepMHA Cpasy 
B OOOHX MOJAPHBIX AApax, Kora crepMUM MpHXOAHT B KOHTAKT C HHMH Ha 
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ux oOuleit rpaHuiue (puc. 4 a, 6, 0). Cxo—HOe aABMeHHe HaOmoao0ch 
y Scilla sibirica (”). 

V3 anamu3a MoBeeHHA ClepMHeB B AMWeKJIeTKe M B WeHTpaJIbHOM KJleTKe: 
cuelyeT, YTO CHEPMHH OFHOM M TO 2%e Napbl OY€Hb CXOMHBI M COBepmaloT OLMHa- 
KOBbIii IYTb peBpallleHHii, HO pa3MUHbIMM TeMMaMH. PacTBopeHHe cnepMua 
B Alpe AHWeKeTKH y NWeHHIL LiuTcH 4—5 yac., B TO BPeMA KaK B MOJIAPHBIX 
sylpax S9TOT Tipolecc Npoucxo_UuT Beero 3a 1,5—2 uaca. PasmMueH TakxKe H Me- 


Wea! e 7 
EE 3 


tS Ye 


SG ear ONY 
CL ES Z 


Puc. 3. Tlocnegopatepubie (a3bl H3MCHEHHA ChOpMbI H CTPYKTYypbl CMepMHA OT MOMCHTA BxOmwKZe- 
HHA B 3apOAbUUeBbIit MeLIOK 1O NOJIHOFO pacTBOpeHHA B AApe AMWeKMeTKH. a — CNepMHH U3 pail- 
ona CHHepruygbl (T.dicoceum); 6 — cnepMHM M3 MpocTpaHCcTBa Mex Ly ABYMA HeOMIOAOTBOpeHHubI- 
MH 2K@HCKHMH KJleTKamu (T. vulgare); 6 — 0 — cnepMHH B AiiweKJeTKe (1aHa ee TePMHHaJbHaA 
yactb) (T. vulgare); e — 3 — cnepMuH B KOHTaKTe C %eHCKHM Apo (e — T. vulgare, 2, 3— 
T. monococcum); u — n — pacTBopenue cnepMus B AApe siiueKneTKH (u, 2, 0 — T. vulgare, 
H —n—T. monococcum,  — T. dicoccum); p — nokosmeeca azpo 3urotsi (T. dicoccum); 
¢ —Npodasa agpa 3uroTst (T. monococcum) 


PHO NOKOA: B 3MroTe OH AUTCA OKONO 18 4ac., a B 3a4aTKe SHOCMepMa — Bce- 
ro Mb 0,5—Il yac, B CBA3H C 4eM B 3a4aTKe 9HAOCMepMa cTalHMio NOKOA JO- 
BOJIbHO TpyHO OOHapyxKUTb. IloceqHee OOCTOATeJIBCTBO, TO-BHXHMOMY, H 
ABHAOCb OLHOH U3 MpHu4HH Toro, 4To Cakc (2°) He OOHapy2KHI B NOAPHBIX Apax 
KJI€TKH 3a4aTKa SHJocnepMa Y MMIeHHIL Noce OObeHHeEHHA HX C MYXKCKHM A- 
poM llepHojla MOKOA, a H300paxKaeT cpa3y HacTyMeHHe Mpodasbl WeeHus. 

Kuetka 3a4aTKa 9HJociepMa BcTyMaeT B Mpodasy AemeHua uepes 3—4 uaca 
Mocyle ONbWICHHA, IpHYeM XOTA CiepMHH HM BilafaeT B MOKOH BHYTPH MOJIApHbIX 
Aep, CFO XPOMATHH BCTYMaeT B Ipodasy pa3sqeJIbHO HM HECKOJIbKO paHbile Xpo- 
MaTHHa MOwIAPHBIX Aep; B CHIY STOO B MOJAPHbIX A pax (KOTOpble K 9TOMY MO- 
MeHTY OObeLHHAIOTCA pyr Cc Apyrom) B TOM MecTe, re ClepMUii Bau B COCTOAHHeE 
NOKOA, OTYETIHBO MOXKHO PasJIMYHTb OTAeIbHYy!O 1podaTuyeckylo @urypy Myx- 
ckoro silpa (puc. 4 u, x). Bo3MoxKHO, ¥TO Y MMCHHIL B NOAPHBIX Apax MYyxX- 
CKOH XPOMATHH He yclleBaeT B MOJIHOHM Mepe HM paBHOMepHO paciipeeHTECA NO: 
BCeMy OObeMy Apa BCJeCTBHe OTHOCHTeEbHO KOPOTKOrFO MepHoka MOKOA, Tak 
Kak B AMMeKJeTKe, re MepHox moKos oKomo 18 4ac., TaKoro pa3IM4HA B IIpo- 
(base MexKY MY2KCKMM HM %KeHCKMM XpOMA@THHOM He 3aMeuaetca (pu. 3 c). 
OTIM4He MYXKCKUX XPpOMOCOM OT XKeHCKHX Bem y nmenum u Caxe (2) — 
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NOTb JO MeTadasbl MepBoro AeJeHHA SHAOCHepMa, OHAKO MbI B MeTadase 
TO pa3sIMuuA yxKe He BHMM (puc. 4 2). 

Takum o6pa30M, KaK 9TO ObINIO yxKe OTMeyeHO JIA pxa MOKpbITO- 
MAHHBIX (', °-°, 11), pa3IMUHble YCJOBHA B CTOJb pa3HBIX KeHCKHX 
WleTKaX, Kak AMWeKIeTKa HW WeHTpasibHad KJeTKa, 3aCTABJIAIOT OTHOCHTEMbHO. 


< MOJAPHBIM ALpam LO NOMHOFO pacTBOPeHHA H abHelMee pasBUTHeE ALpa 3ayaTKa 9HOCMepMa. 
, 6 — CNepMHM Ha rpaHHue AByX MOJAPHBIX Aep; 6 — CNepMHi B KOHTAaKTe C OJHHM H3 NOMAp- 
BIX Aflep; 2, €, #c — cNepMHi, OOBEAHHAIONIHHCA C OMHHM NOAAPHbIM ALPOM; O — CnepMHit, 06n- 
SIMHAIONIHiCA Cpa3y C OOOHMH NOJIApPHBIMH ApaMH; 3 — MOKOAMLeeCH AMPO KMETKH 3a4aTKa 9H- 
cnepMa; u, K — mpoda3a B Ape KeTKH 3auaTKa SHMOCrepMa;, 2 — MeTatpasa AQpa KeTKH 
sauaTKa 9HocnepMa. a — O, 3, « — T. vulgare; €, 2c, 2 — T. monococcum. B a H 3 BHAI OCc- 
TaTKU WHTOMMAasMbl, 3AXBAYeHHOM MOAPHBIMH AApaMu Mp HX OObeEAMHEHHH; B U BUHO 23 «jO- 
ONHUTCIbHLIX AM PbIKa>, KOTOPbIe MOABAIOTCH HE3ZaLO/ITO LO OOpasoBaHHA Mpoasl; B mpoca- 
@ MepBOFO JeeHHA STH “MONOMHUTEbHbIC ANpbILIKH» PaCTBOPAIOTCA PaHbIe OCHOBHBIX AApbl- 
eK, HMeIOWIHX XpomMocoMHoe MmponcxoxyenHe. Ilo pasMepy H OKpacke JONOMHUTeIbHBIE AA pbIUI- 
KH Kak IIpH CBOeM NOABJeHHH, Tak H MO3Ke OTMHYAIOTCA OT OCHOBHBIX 


. XOJHbI Tpotlecc BiaweHuA CIepMHeB B MOKOALULeeCH COCTOAHHeE — Tak we Kak 
Hi WpoTeKaHWe 9TOTO COCTOHHHA H BbIxXO U3 Hero, XapakKTepHO BbIp aKeHHHIN 
B pale MpeppalleHuii, — 1poOxOAMTb C pa3/IMYHOH CKOPOCTbIO, B CBA3H C 4eM 
B KaXKIbIi JaHHbIli MOMeHT OOHapy2XUBaIOTCA pasJIMUHbIe Mopdo-PusMouiornye- 
CkHe BbIPaxKeHHA 9TOFO Mpollecca B OOeCHX KJeTKAX. 
Boranuyeckuii uHcTuTyT uM. B. JI. Komaposa Tlocrynuio 
Akajemuu HayK CCCP 21 VI 1960 
q IMTHPOBAHHAS JIATEPATYPA 
® +E. H. Tepacumosa-Haspamuua, T. B. Batnruna, JAH, 124, Ne 1, 
1223 (1959). 2? FE. H. Tepacumospa-Hasamuuna, JAH, 57, 395 (1947). 
®E.H. Tepacumosa-Haspamuna, Tp. bor. uucr. AH CCCP, cep. 7, B. 2 (1951). 
SE. H. Fepacumospa-Hasamuna, Tp. Bor. uucr. AH CCCP, cep. 7, B. 3 (1952), 
E.H.Tepacumospa-Haspamuna, Jincceptauus, JI, 1954. 8 E. H. Tepa- 
SumMoBa-Hasawuua, Bor. xypn., 42, 1654(1957), * K.Schnarf, Planta, 
127, 450(1937). ®E.H.Tepacumospa-Haspamuna, JAH, 56, 643 (1947). 
PE. H. Tepacumosa-Haspawuuya, JAH, 57, 285 (1947). 19H. Gerassi- 
ova, Cellule, 42, 103 (1933). 1! E. H. PepacumMospa-HasBamuna, T. B. Ba- 
bir Hua, Bor. xypu., 43, 7 (1958). % K. Sax, Genetics, 3, 309 (1918). 
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Jloksagp Akagzemun nayr CCCP 
1961. Tom 137, N14 > 


PH3HOJIOTHA PACTEHHH 


ll. B. JIEBEJEB nu H. C. MEJIBHHK 


BJIMAHHE A3SOTA HW HHTEHCHBHOCTH CBETA HA KYL[EHHE 
H MPOAYKTHBHOCTb THMO®EEBKH JIYPOBOM 
(PHLEUM PRATENSE L.) 


(IIpedcmaeaeno axademukom A. JI. Kypcanossim 6 X 1960) 


. 

MuorowetTHHe JlyroBble 31aKOBble TpaBbl OTJIH4YAaIOTCA OT OMHOJeCTHUX Ipo- 
OJKUTeIbHOCTLIO CBOeli MOGeroo6pa3z0BaTebHOH cnoco6HocTH. IlpoxqyKTuB- 
HOCTb 3THX PaCTeHHH OG6YyCJIOBIMBaeTCA TlIaBHbIM OOpa30M HHTCHCHBHOCTbIO HX 
KYULCHHA. QHEpruA KYWLEHHA 3J1aKOB, KaK H3BeCTHO, 3aBHCHT OT IIpHpojbl ca- 
MUX paCcTeHHH HM OT yCJIOBHH HX MponspacTaHHus. 

IIpupoyuble ocoOeHHOCTH KYLCHHA MHOFOJIETHUX JIYPOBbIX 3J1aKOBbIX TpaB 
pasHbIxX OMOIOrHyeCKHX rpymn mMoxpo6Ho uccseqoBaHE! B. P. Buabsamcom. Bo- 
IIpOCbl SKOJIOPHH KYILCHHA OTACIbHBIX BHJOB JTYFOBbIX 3/1aKOB JO CHX Mop H3y- 
YeHbI COBEPIICHHO HeOCTaTOUHO. IKCMePpHMeHTAaJIbHBIX PaOoT O CTeNeHH BJMA- 
HHA OTACIbHBIX IKOJIOPHYeCKHX (aKTOPOB, B YaCTHOCTH BbICOKHX 03 a30Ta U 
MHTeCHCHBHOCTH CBeTa, Ha MIpollecc KYULCHHA JIYPOBbIX 3J1IAKOBbIX TpaB CpaBHH- 
TeJIbHO Malo (*~*), GHaHHe 2%Ke 9KOJOFHH KYULCHHA MHOTOJIeTHHX KOPMOBBIX 
31aKOB HeOOXOLHMO WIA Ooslee Pruiy6oKOrO NOHHMaHHA 3aKOHOMepHOcTeH STOTO 
mpollecca H paspaOoTKH MyTeli HX HCNOIb30BAaHHA B IWeAX MOBbIMMeHHA Mpo- 
JLYKTHBHOCTH pactTeHHii. 

JIA BbIACHeHHA Bompoca O CTeleHH BJIMAHHA BbICOKOH WoO3bl a30Ta HU WH- 
TCHCHBHOCTH JHeEBHOrO CBeTa Ha 9HEPrHio KYULEHHA HU MpOLYKTHBHOCTh JYTOBbIX 
31aKOBbIX TpaB B 1959 r, HaMH NOcTaB.JeH BereTalHOHHbli OMbIT C THMOeeBKOH 
JyroBpok. OmbIT MpOBOAWJICA B Bereral[HOHHOM JIOMHKe OoTaHHyecKoro caja 
YpasibcKoro yHuBepcuteta (r. CBepA0BCk). 

PacTeHHA BbIpalllHBaIHCb B TvIMHAHBIX CocyaxX TIIpH BJlaxKHOCTH MOUBbI 
B 80% oT nowHOli BslaroeMKocTH. Cocybl HaGHBaIH epHOBO-Nos30uCTOH Mo4- 
Boli no 7 Kr Ha cocyy. TlouBa coxepxana rymyca 4,3%, o6mero a30ta 0,21% 
MH rHApouwusyemoro a3o0ta 0,015%, pH coneBol BbITHKKH MouBbI 5,5. Bpicora 
cocyzoB 23 cM, Mollalb MoBepXxHocTH NoyBbl 340 cm” H O6beM MoYyBbI 5355 cM’. 

OnbIT NPOBOAMIH MoO ceqyrouleH cxeme: 1) pacTeHHA BbIPalluBasH Oe3 BHe- 
C€HHA a30Ta IPH MOJIHOM JHeBHOM CBeTe (KOHTPOJIb); 2) C BHECeEHHeM a30TAa IIpH 
MIOJIHOM J[HEBHOM CBeTe; 3) C BHECeHHeM a30TA, HO Ip MOHWKeHHH HHTCHCHBHO- 
CTH JHeBHOrO cBeTa Ha 30% (3aTeHeHHe Mapvieli); 4) c BHeCeHHeM a30Ta, HO TIpH 
NIOHW2KeCHHH HHTCHCHBHOCTH AHeBHOrO CcBeTa Ha 60% (saTeHeHHe 613b10). Iloprop- 
HocTb 10-kpaTHas. 

B KaxkKJOM cocye BbIpallMBaIH To OHOMY pacTeHuio. A3s0THOe yoOpeHHe 
BHOCHJIH Tocle MOABJIGCHHA BCXOJOB B (bOpMe AMMHAUYHOH CeJIMTPbl H3 pacueTa 
| r a3ora Ha cocyl. BaaxkHocTb MOUBEI, IpeyCMOTpeHHY!0 CXeMOM OMbITa, MOL- 
J\@p2KMBaJIH MOJIMBOM CocyoB 110 Becy. MHTeHCHBHOCTh CBeTa ONpeeIAJIH JOKC- 
MeTpoM. 

B mpollecce Ha6ml0geHHaA yuHTbIBaIH: 1) O6pasoBaHHe noGeroB; 2) OTMHpa- — 
HHe no6eroB; 3) yHc10 *KHBbIX MO6eroB. Bce o6pa3yroulMeca MOGerk OTMeuaJIH 
KOJIeUKaMH M3 aJIKOMMHHeBOH MIpOBOJIOKH C OYepeHbIM MOPALKOBbIM HOMepOM 
COOTBETCTBEHHO MOABJIeHHIO MoOera. B KOHUe BereTalHOHHOrO Mepvoya oMpe- 
WeAIH CbIPOH HW BO3LYIWHO-CyxO Bec Hal3eMHOH Maccbl H KOpHell. 
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_ Tipopewenuble na6i0qeHuA MOKa3aiH, YTO THMOdeeBKAa JTyroBad B Fos, Moce- 
Ba mpouiia Bce dasbl pasBuTHA. I[poomKuTebHOCTA MepHoka OT TOABJeHUA 
BCXOJOB JO Hayasla KOJIOWIEHHA CocTaBHia 35—40, a Jo uBeteHna 60—65 AHeili. 
Buecenve BbICOKOH JO3bI a30Ta He OKA3aI0 BIMAHHA Ha TeMI pasBUTHA pacte- 


HHH, a NOHWKeHHe HHTeHCHBHOCTH J\HeBHOrO cBeTa Ha 30 u 60% 3ameqnHuO 
pasBuTve Ha 4—5 quel. 
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Puc. 1. J{uHamuka noGeroo6pas0BaHusa THMO*eeBKH Jyro- 
BOH B NepBbIii roX #Ku3HH: / — KOHTpOb, 2 — BHeCceHHe 
a30Ta H NOJHBIH JHEBHOH cBeT, 3 — BHeCceHHe a30Ta H 
MOHH2KeHHE HHTCHCHBHOCTH CBeTa Ha 30%, 4 — BHeceHHe 
a30Ta H MOHHKeHHe HHTeHCHBHOCTH CBeTa Ha 60%: a, 6, 
6, 2 — Pa3bl pasBHTHA, COOTBETCTBEHHO — BereTaTHBHas, 
KOJIONICHHA, IBeTCHHA, MIOMOHOWIeHHA; O — HHTeHCHE- 
; HOCTb KYIIeHHA 


KyllleHHe pacTeHuli Hauaslocb yepes MecAIL Mocle NOABIeHHA BCXOJOB, TIpH 
pasBepTbIBaHHH MATOrO sHcTa oceBoro NoGera, H HaHOoee HHTCHCHBHO IIpo- 
XOAHJIO y pacTeHHi B cocyax C BHeCeHHeM a430TAa IIpH MOJIHOM JHEBHOM cBeTe. 

| PacTeHusl B cocyfax c BHeceHHeM a30Ta, HO IIpH NOHWXKeHHH HHTeHCHBHOCTH 

| [HeBHOrO CBeTa KYCTHJHCb 3HaYHTebHO CslaGee (pric. 1). CaeqoBaTembHo, He- 
JOCTaTOK JHEBHOrO CBeTa yrHeTalollle BIUAeT Ha KyWleHHe THMOMeeBKH JIYTOBoON. 
_  B xkoutpoune u B cocyyjax c BHeceHHeM a30Ta IPH MOJIHOM JHeBHOM cBeTe pa- 
CTeHHA KYCTHJIHCb HHTeHCHBHO H HellpepbIBHO B TeYeHHe Bcero BereTallMOHHOrO 
tiepHoga. IIpH monmKenwH MHTeHCHBHOCTH JHeEBHOTO cBeTa Mpollecc KyWleHuA 
pacTeHHH B Hayae BX KOJOMIeHHA 3aMeTHO ocmaOMJICAH, HO 3aTeM B STOH Ke 
pase MOOeroo6pasoBaHve pe3KO YCHIHOCh HM MpokouRKaocb JO KOHIa Bere- 
Talluu. 

Takum 06pa3oM, BHeceHHe BbICOKOM JO3bl a30Ta CTHMYJIMpyeT, a TOHWKeHHe 
HHTe€HCHBHOCTH JIHEBHOTO CBeTa, HaOOOPOT, CHJIbHO OCcMaOAeT SHEPIHIO Kylle- 
HHA THMOeeBKH syroBol. []pH 3aTeHeHHH HHTCHCMBHOCTb KyleHHA pacTeHHl 
B 2—8 pasa Cula6ee, YeEM B KOHTPOvle H B COCyaX C BHECeHHeM a30Ta IIpH MOJHOM 
THeBHOM cBeTe. IIpu oca6ieHHH HHTeHCHBHOCTH cBeTa Ha 30% SHeprua Kylle- 
HHA 0 CpaBHeHHIO C KOHTpOJeM CHU3Hacb Ha 43%, a Ip ocaOeHHH cBeTa 
Ha 60% cHMwKeHHe SHeprun KyleHUA cocTaBuio 56%. A30T H MHTeHCHBHOCTS 
AHeEBHOrO cBeTa, Kak 9KOOrHYeCKHe (aKTOPHI, OKasaJIM BJIMAHHe He TObKO Ha 
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9HeprHlo KylleHHA, HO H Ha reHepaTHBHOe pasBuTHe pacTeHuit. OOnIbHOe cHa0- 
*KeHHe THMoeeBKH JIYPOBOH a30THbIM NHTAaHHeM HeCKOJIbKO yBeJIMYHO, a TO- 
HWKeHHe HHTeCHCHBHOCTH CBeTa Ppe3KO CHH3HJIO KOJM4eCTBO TeHepaTHBHbIX M0- 
6eros. Ecau B KOHTposle Ha OHO pacTeHve MpuxogNsocb 11,2, Bo BTOpoM Ba- 
puHante 13,6 reHepaTHBHBIX MoOeroB, TO B TpeTbeM BapHaHTe HX ObIIO TOMbKO 
4,4, aB ueTBepToM 3,4 NoGera Ha pacteHve. Jlo1a reHepaTMBHbIX MoGeroB M0 oT- 
HOUWeHHIO K OOWLeMy KOJIHYeCTBY HX Ha pacTeHHe COOTBeTCTBeHHO BbIpa3HJlacb 
B 29; 24,5 u 19%. Takum o6pa30M, XOTA BbICOKaA 03a a30Ta H yBeJHYMBAaeT 
aOcOJIOTHOe KOJIMYeCTBO reHepaTHBHbIX MWoOeroB, LOA MOceHAX MO OTHOLe- 
HHIO K OOULeMy UHC.Ty MOGeroB Ha pacTeHHe BCe %Ke HecKObKO cHuxKaetcs. [lo- 
HMKeHHe MHTeHCHBHOCTH JHeBHOrO CBeTa IIpHBOMMT K pe3KOMy YMeHbILeHHI0 
aOcouOTHOrO 4HCwIa TeHepaTHBHbIX MoOeroB M K COKpalleHH1O MpoleHTa UX Co- 
lep»kaHus, CneqopaTeibHO, BHeCeHHe BbICOKHX 03 a30Ta HM MOHMKeHWe HHTeH- 
CHBHOCTH CBeTa 3aepxKUBaeT Hepexo BereTaTHBHBIX MOOeroB B reHepaTHBHOe 
COcTOAHHE. ’ 

B cBa3H c HapacTaHHeM KOJM4¥eCTBa NOOeroB MporpeccHBHO Bo3pacTaeT HU 
YHCJIO JIMCTbeB Ha pacTeHHu. Ha oceBom moOere pa3BepTbIBasICA OMH JIMCT 
B IIATb THe. C BcTyMJIeHHeM pacTeHHit B a3sy KYyWeHHA MHCTOOOpas0BaHHe pe3- 
KO BO3pacTal0, HM B MepHod HavOoulee HHTeHCHBHOTO MoOeroobpa3s0BaHHA 3a Ta- 
KOH 2%Ke MepHo BpeMeHH OOpa3soBbIBalocb oT 8 Jo 15 aMcTbeB Ha pacTeHHe. 
B Hauaue cbasbl IBeTeHHA B CpeHeM Ha OMHO pacTeHHe B KOHTPOVJIe IPHXOLMIOCh | 
59,1, Bo BTopoM BapHaHTe 64,3, a pu 3aTeHeHuu 40,6 u 32,8 *KMBbIX JIMCTbeB; 
K KOHILY BereTallMH KOJIMYeCTBO 2KHBbIX JIMCTbeB BO3POCJIO HM Ha OHO pacTeHve 
MpHXOLMIOCb, COOTBeTCTBeHHO, 67; 122; 73 u 37. 

BueceHue BbICOKOH JO3bl a30Ta IIpH MOJIHOM HEBHOM CBeTe, CTHMYJIMpys Ky- | 
UleHHe PacTeHHii, MOOMKUTebHO BJIMAeT HM HA MpHpocT UX OOUeH Ha3emHOH 
MACCbI, HO HeCKOJIbKO OC1a6JIAeT pocT KopHelt (Tad. 1). 

[lonvwKeHHe HHTCHCHBHOCTH JHeEBHOrO cBeTa OCaOIAeT 2HeprvtO KyLLeHHA 
THMOtbeeBKAM H CHHKaeT e€ IIPOLYKTHBHOCTb. OHakO HeMOcTaTOK CBeTa CHJIbHee 
oc1a61seT POCTOBble Mpolleccbl KOpHeH, YeM Ha3eMHOH Macc#l. IIpu NonMKeHHU 


Ta6auna 1 


Bo3yyuwino-cyxol Bec Haq3eMHOH MaccbI HW KOPpHeH THMOdeeBKH JTyroBOH 
(B rpaMMax Ha 1 pacreHHe) 


Bec naqsemuoit Bec KkopuHeti 
MaccCbl 
Bapuaut 
r % 2 % 
{. Koxrpoab 20,0 100 AES, 100,0 
2. Buecenue a30Ta H MOJHbIii 
HeEBHOH cBeT 2795 110 8,2 74,5 
3. Buecenue asora, HO ¢ M0- 
HH2KCHHEM HMHTCHCHBHO- 
CTH cBeTa Ha 30% 19,0 76 4,5 40,3 
4. Buecenue a30ta, HO c MO- ; 
HH2KCHHeEM HHTeCHCHBHO- 
CTH cBeTa Ha 60% Dead 22 0,4 Syke! 


MHTeHCHBHOCTH JHeBHOrO CBeTa Ha 30% Bec Ha3eMHOM Maccbl pacTeHHA M0 cpaB- 
HeHHI0 C KOHTpOJIeM YMeHbUIWICA Ha !/,, a Bec KopHeli B 2,5 pasa. II1pu NoHuxe- 
HHH MHTeCHCHBHOCTH cBeTa Ha 60% Bec Ha3eMHOM Maccbl pacTeHHA CHH3HICHA 
B 4 Cc JIMMIHMM pasa, a KOpHeBoH MaccbI B 28 pas. 

O6uIbHOe CHaOwKeHHe THMOteeBKH JIYPOBOM a30THbIM MHTaHHeM OKa3aslo 
BJIMAHHE HW Ha CosepKanve B Hell OOMlero az0Ta. BHeceHwe aMMHMaYHOM CeJIMTpbI 
as colepxKanne OOllero a30Ta B Haji3eMHOH Macce pacTeHHi c 2,18 Ao 

; 6. 
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B IIpAMOH 3aBMCHMOCTH OT MHTCHCHBHOCTH PpOCTOBBIX MpolleccoB KopHeli 
axOJMTcA WH KospPuUHeHT KOPHEBOH HacbilIleHHOcTH NoyBbl, Han6o7puiHM OH 
OKa3aJICA y KOHTPOJIbHBIX pacTeHuli. BHeceHve BbICOKO! O03bI a30Ta IIpHBeJIO 
K He€KOTOPOMY CHH2KeHHIO KOpHeBOH Maccbl pacTeHHi. TlonwKeHue HHTeHCHB- 
HOCTH JHEBHOFO CBeTa Pe3KO YMeHbINHJIO KOPHEBYIO MACCY, a CuleOBaTebHO — 
M KOS*HIUMeEHT KOPHeBOM HaCbIIeHHOCTH TOUBBI. 

TakuM o6pasom, BHeCeHHe BbICOKOH JO3bl a30Ta CTUMYyJIMpyeT KyileHHe TH- 
MorpeeBKH JIYPOBOM M MOBbIWaeT Bec Ha3eMHOH MaCCbI pacTeHHii, HO HECKOJIbKO 
‘oca6usAeT MpHpocT obuleli Maccbi KopHeli. TloumKenne HHTeHCHBHOCTH JHEBHOTO 
cBeTa yrHeTalolle BJIMAeT Ha Mpollecc KylleHHA THMOdeeBKH HU Pe3KO CHHKaeT 
Bec Ha3eMHOH MaCCbI H KOpHeli. OfHaKO HefocTaTOK cBeTa B Ooulee CHJIbHOH 
cTelleHH yrHeTaeT pOcT KOpHeli, YeM POcT HaJ3eMHOH Maccbl. CilelOBaTeIbHO, a30T 
M CBeT KaK 9KOJOrMueCKHe (PaKTOPh! OKAa3bIBaIOT OOVIbIOe BJIHAHHe Ha KyWleHHe 
M MIpoOAyKTHBHOCTb THMO*eeBKH JIYFOBOH H BbISbIBAIOT H3MeHCHHA B KOPpeJIALHH 
| pOCTOBbIX MpolleccoB HaJ3eMHOH Maccbl HM KopHel. []posBuaroulNecA OCcOGeHHO- 
i CTH pOCTOBEIX IIpolleccoB H KOppeJIAIHOHHbIX H3MeHeEHHH MpecTaBJIAIOT OTBeT- 


| Hy!0 peakumio pacTeHHsA Ha YCOBUA ero MpouspacTaHuA. 
a YpasIbCKHH TocyapCTBeHHbIM YHHBepCHTeT Tloctynuao 
} um. A. M. Toppxoro 1 X 1960 
| HWMTHPOBAHHAA JIMTEPATYPA 


; 1C. 1. Cmeaos, Buonornueckne ocuospl Jyropogcetsa, 1947, crp. 89. 2 JI. JI e- 
 epuHH, Y. KeupuHenu, X. pen, Ucnonp30panne uv yayumenwe ceHoKocoB H macTOHHl, 
» 1956, crp. 1983. * J. Revay, Polnohospodarstvo, 3, Ne 4 (1956). 
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Jloxnann AKkagemun nwayk CCCP 
1961. Tow 137, Ne 4 


PHTOIM ATOJIOPHA 


9. HW. CIENAH 


THIMbl MOUKOBbIX TEPAT, BbISbIBAEMbIX UWIEHHCTOHOrUMH, 
WH UX CTPYKTYPHDIE PA3JIMUHSA 


(IIpedcmasaeno axademuxom B. H. Cyxaueeoim 15 VII 1960) 


Cpequ HOBOOOpa3s0BaHHH, BbISbIBAeMbIX UWIeHHCTOHOrHMH Ha pacTeHHAX, 
CllelyeT pa3MyaTb rabl HU TepaTbl. [anibl —TKaHeBble HOBOOOpasoBaHHA, 
NOABJIAIOMLHeCA Ha YaCTH OpfaHOB MIpH JlOKa/IbHOM pa3pacTaHHH HX TKaHel. 
TepaTbl — HOBOOOpas0BaHHA H3 HeEHOPM@JIbHO pa3sBUBaIOUlMXCA MU paspacTalo- 
IWMXCH OpraHoOB C MaToJOrHyecKoH TKaHeBOH AuppepenuuallMei, COXpaHHBIUIAX 
JHUb OOM aH HOpMaJbHO opranu3amun ('). HanOonee oObluHbI MOUKOBbIE 
TepaTbl, OOpa3yloulHecd 3a CueT BereTaTHBHbIX HM TeHepaTHBHbIX MoyeK. B no- 
CHeHHX TeHepaTHBHble CTPYKTYpbl OObIGHO yHMYTOMalTcCA TepaTooOpasosa- 
TeiaMu. Mbt BbljeisemM 9 THMOB MOYKOBEIX Tepar. , 

I. Wponmpukaynonuble Tepatst (puc. 1 A) —mpoctelimme nNoppexteHua 
OAHHOUHBIX MO¥eK, BbISBaHHble ObICTpbIM YCHJIeHHeM HM IIpeKpallleHHeM UX TeM- 
ma pocTa MO, BJAHAHHeM 9K30Mapa3sHTHyecKHX Bos6yfuTeNeH — Caillardia 
(Psyllidae) Ha Haloxylon u ap. Poct u qudpepenunanua TKaHel y McTbeB IIpH 
TepaToreHese JIHTebHee, eM y ocH. JIlucTbxA TepaT MOryT ObITb KpyiHee JIM- 
CTbeB HOPMAJIbHBIX MOGeroB (Ha IycTbIHHbIx Chenopodiaceae). Mx ObicTpbilt poct 
paspyllaeT rucToreHeTHyecKHe KOppeAAWHH, YTO HapyulaeT AMdepenunalu1o 
Mesopusa H BaCKyJIApHOH cucTembl. Bo36yAuTeIu OOHTAIOT MexKy JIMCTbAMA 
TeparHt. 

II. Kancyaapubie Tepatst (puc. 1 6) — cao*Kuble NoBpeKeHHA OAMHOUHBIX 
HJIM COJIMKeHHBIX (TOra HepeqKO c chaci{HallHeH) NMoveK, BbI3bIBaeMble reMH- 
KpuuTonapasuTuyueckumu Itonididae (Asiodiplosis hirta Mar.), Cynipidae 
(Ancricus foecundatrix Hart.) u ap. B ofHo Mo4Ke Jo Tpex wHunHOK. Kax- 
lad U3 HUX CO3laeT B OCH BEPTHKAJIbHY1O MOJOCTh C IIPHBepIIHHHbIM OTBEPCTHeM. 
Ilapenxuma ocu pH TepaToo6pasoBaHHu paspacTaeTcA, HO YHCIO COeB KJIeTOK 
B CTeHKaX MojlocTH MaJio, TaK KaK OHH YHHYTORKAIOTCA BpesuTesem. KuaeTKH 
BOKPYF MlOJlOCTH MeJIb¥e H Goraye ma3Mou. K nepHpepHu onM runepTpodupyioT- 
ca. B cepequHe creHoK AucepeHiupyloTcaA CKepeHAbI, O6pasyioulMe BOKpyr 
MOJIOCTH 3auiMTHy!0 Kalicyay. IIpH d@opMupoBaHHH TepaTbl NpoBoauan cHcTe- 
Ma lloveK PparMeuTUpyertcs; JIMCTHA, IpHKpbIBarollHe OTBEPCTHe KalICyJIbI CBepxy, 
Hepe2KO CpacraloTca, B OOKOBBIX JIHMCTbAX YAaCTO OfpeBecHeBaeT SIIMepMHC H 
Mesopus, Ludpepeniualua KoTOporo Ha cTomOuaTy10 H ry6uaTylo HapeHXuMy 
OObIUHO He MponcxoguT. Ha psajye pacrenuii (Artemisia, Tamarix) .McTba TepaT 
¥YaCTO MeJIb¥e HOPMAJIbHBIX, H HMeeT MecTO HX aToJorMyuecKkad NoMMepH3sallua. 

III. Kapnougutie tepatst (puc. 1 B) — cnox%xKHble NOBpexKLeHUA OTIeIbHBIX 
movek (B KaxKoit —ofHa JMUMHKAa) C HeLOpa3sBHTbIMM JIMCThAMH, BbISbIBaeMble 
SHoMapasuTuyeckumu Itonididae (pan Urophora, Rhopalomyia u yp.). Jlu- 
UHHKM CO3aloT B WeHTpe paspacTatolllelHcA MapeHXHMbI OCH MOJIOCTb, KOoTOpaa 
MO%KeT TOHOCTbIO OKPyKaTbeA [leJAllelica TKaHbIO. Bokpyr Hee OOpasyerca 
HYTPUTHBHAA 30Ha MeIKHX MePHCTeMONOMOOHBIX KIeTOK, K MepucpepHH OT KO- 
TOpbIX AuppepenuupyeTcA KOHWeHTpH4ecKad 3alllMTHad 30Ha cKNepeuy. Han- 
CKJlepeHHad NMapeHxuMa pa3pactaetcsA H B 3—5D pa3 NpeBbllaeT 10 OObeMy Me- 
PUcTeMONOROOHyIO UM CKJepevHyIO TKaHH, Ona OOMIbHa MeXKKJICTHHKaMH, 
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KJleTKH €€ TOHKOCTeHHbI MH OeQHbI UMTOMNIA3sMoli. IIpopoganjan cuctema Tepat 
MipeAcTaBeHa tparMewTaMH MpoBOAANLHX MY4KOB MOUKH H CIMpa/IbHbIMH cocy- 


_AamMu HM Tpaxenfamu, AudbpepenwupoBasuiuMuca up TepaTorenese. Tonorpa- 


‘Puc. 1. O6ujnit Bug u BHYyTpeHHee cTpoeHHe (Ha pa3spese) TepaT pasJIHYHbIX THNOB: A — npoau- 


ukanvonnon, 5 — kancyiapHol, B — Kapnouguon, LF — ONHONOUKOBOH MHOronosocTHoH, 

7, — runautuepuquoi, E — dacuuupospanuon, AC — ouuapHol, S — TpHxomHon, H — Tepa- 

TOMEI. / —MmoOOcTb, 2 — BTOpHuHad MeplicTema, 3 — CKNepeHIHl, 4 — llapeHxuma, 5 — Ba- 
CKyJApHble smemenTs, 6 — aucTba, 7 — Tpuxombl, & — TepaTooOpasoBaTesn 


«pvl0 TKaHeli TepaT MOXHO COMOCTABUTb C TAKOBOH COUHBIX MJIOMOB: CKJIepevAHy10 
SOHY —C KOCTOUKOM, a HallcKlepeHAHyIO MapeHxuMy —C TMepHKapmivem (or- 
cloJla HaMMeHOBaHHe THIIa). 

| IV. Ognonouxospie MHoronosocTHble Tepatel (puc. | 7) —cuoxKHBe To- 
PpeXMeHHA C HeLOPasBUTHIMH JIMCTbAMM, BbISbIBAeMble TeEMHKPHMITO- M 9HOMapa- 
s3uTuyecKkumu Phylloxeridae (pam Adelges, Sacchiphantes), Itonididae (Asio- 


diplosis deserta Mar.) u 4p., co3qaiouluMM B paspacTarolleHcA MapeHxuMe oct 


; DIO 
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moviocTH. BuyTpeHHve 13 HHX M30JIMpylOTCA feNAllleHCA TKAaHbIO OT BHellHels 
cpembi. CreHku MosocTeii O6pas0BaHbl Me/IKOKJIeTHOM MepHcTeMOMOLOOHOH NapeH- 
xumoli, Ha KOTOpoH MoryT (B Tepatax Itonididae) qudpepenuupoBaTEcaA KOH- 
IleHTPH4eCKHe 3alllHTHble 30HbI CKJepe HIM, BCeACTBHe pasHaJbHOrO eeHus. 
KyleTOK, BTOPH4Had MepHcTeMa B Be MHOrocsOHHbIX mMoscoB. IIpu TecHoM. 
paciOulOx%KeHHH TMoOocTeli BOKpyr HUX MepHcTeMaTH3HpyeTcA BCA MapeHXHMa,. 
HepeKo pacclanBatoujasca. K mepudbepHH oT MomocTeli MHT€HCHBHOCTbh MepH- 
cTeMaTH3allHH YMeHbilaeTCA; KJIeTKH 3fecb PMMepTpodupoBaHHble, TOHKOCTeH- 
Hble, OeLHble masmoi. IIpopoyqauad cHcTeMa TepaT OOpasoBana (pparmMeHTa- 
MH IIPOBOAAULHX My4KOB MWowek, paciOslOKeHHHIX BOKpyr MosocTelt NpepbIBUc- 
THIMH KOJIbIaMu, H LuddepeHwupoOBaBLIHMUCA BOUAraX MepHCTeMaTH3 AlN CIM- 
PaJIbHbIMH cocyaMH WM TpaxevaMH. 

V. TumantTuepuguble Tepatbl (puc. | A) — coxKHble NOBpexkKeHHA OLMHOU- 
HbIX MoueK C HELOPasBHTbIMH Hapy2KHBIMH JIMCThAMH, BbISbIBaeMble reMHKpHUII- 
TollapasuTuyeckumu Eriophyidae. Keuiu BbIsbIBaloT paspacTaHve MapeHXMMbl 
OCH MH CO3al0T B ee IleHTpe BEPTHKAJIbHYIO MOOCTh C TIPHBepwIMHHbIM OTBep- 
cTveM. K.leTKH CTeHOK ee BCJIECTBHe JesIeHHA YMeHbIMAalOTCA B pasMepax, OOora- 
WlaloTCA Ia3MOl, H BOKPyr MOMOCTH BOSHHKaeT 30HA BTOPHYHOM MepHCTeMBl. 
Ha ee MorpaHHuHOl NMoBepXHOCTH 3akabIBalOTCA SMOPHOHAJIbHbIe OyropKH, 
oOpasylollve JIHCTOBHAHbIe CTpyKTypbl. MMeeT MecTO HHBepTHpOBaHHas THcTO- 
reHeTHy¥ecKad NoApHocTb. Y me3socduia STHX CTPpyKTyp MOryT ObITb YepTbL 
HOPMAJIbHBIX JWHcTbeB. B NapeHXHMe, pacMoso*KeHHOH Hay, BTOPHYHOH MepHcTe- 
MOH, MHOPO Me@XKKJIeTHHKOB, KJleTKH ee FHMepTpO*upOBaHbl, TOHKOCTeHHEI H 
6eqHbI Masmon. IIpoBosaijad cucTema TepaT MpelcTaBeHa (bparMeHTaMH Mpo- 
BOJAULAX IyuKoB louek. TepaT B H3BecTHOM Mepe HalloMHHaiwT rumantTun Rosa, | 
Ha BHYTpeHHeli MOBepXHOCTH KOTOPHIX 3aKJaLbIBAalOTCA IIOMOJIMCTHKN. | 

VI. @actHupoBaHHble MHOroKalicyJbHble TepaTbl (pc. 1 #) — cnoxuble 
NOBpe*KeHHA, BbISbIBAeMble Yallle TeMHKPHINTO- MH 9HJoNapasuTHyeckumy Itoni- 
didae (Asiodiplosis salsoliicola Mar.) u Cynipidae (Rhodites rosae L.), mpuBo- 
JAWMHMH K pa3pacTaHHio WM CpacTaHHio COHKeHHbIX NoueK — K cpaciMalluu. 
JIMcTbA NoveK IIpH TepaToreHe3se HeOpasBUBalOTCA, OHH HMelOT BH HIV C He-| 
uddepeHuHpOBaHHbIM MesoduJioM. BMecTo HHX 4acTO BO3HHKaeT rycTOH TpH- 
XOMHHIi MokpoB. B pa3pactaiomlelica MapeHxXHMe Ocel JHYMHKH CO3saloT T0- 
JioctH. B cTeHKaX UX BCelcTBHe MpomHdepalHH oOpasyeTcA HYTPHTHBHAA 
30Ha BTOPHYHOH MepHcTeMbI, a Hayl HeH — KOHIeHTpHYecKHe NOACKH CKepeHA— 
KalicyJbl. OObeM STHX KAlICYJI MOMKET YBEHYMBATLCA, YTO MPHBOLUT HocJie HX 
COeAHHEHHA K CO3aHHIO MOWIHOH 3allMTHOH 30HbI. K nmepudepHu oT Movoctelt 
lapeHXWMa ryOuatTas, c rulepTpopupoBaHHbIMH, TOHKOCTeHHBIMH HM Oe2HBIMK 
Mla3MOH KJleTKaMH. IIpoBollaulad cucTeMa OOpa30BaHa B TepaTax parMeHTaMH 
MpOBOAAWLHX Wy4KoOB WoueK H AndpepeHUMpOBaBIIHMHCA CHMpPabHBIMU Cocy- 
aMH HW TpaxevaMH WM UMeeT BH MpepbIBHCTbIX MOACKOB BOKpyr MoviocTeH. 
Mexkay CpacTarolluMucsd BHYTpeHHHMU JIMCTbAMM MepudepwyuecKkHx Movek Te- 
paTooOpasoBaTeIH CO3{alOT MOMOCTH, CoObULalollHeca co cpeoi. 

VII. ounapuele Tepatst (puc. 1 4K) — croxKuble NMOBpexKeHHA reMUKpHN- 
TonapasuTHyueckux Aphididae (Pemphigus cornicularius Pass.), yHuuToKal0- 
IHX OCb TOUKH HM BbISbIBAIOMIMX CpacTaHHe HW paspacTaHHe ee JIMCTbeB (OTCIOMa 
HaMMeHOBaHHe THila). TepaTbl HMelOT MeWIKOBHHbIM OOK Cc NpHBepwiHHHbIM 
OTBepCcTHeM H OOWIMpHOH MomocThO. CreHKH UX OOpasoBaHbl ryOuaTbIM HeLN-— 
(bepeHI[MpOBaHHEIM Me30UuJJIOM, KJIeTKH KOTOPOrO K KOHILY pa3BUTHA TJleli MOrYT | 
opeBecHeBaTb. IIponoyatlad cHcTeMa IipejcTaBJieHa JepopMUpoOBaHHEIMH Ty4- 
KaMH JIMCTbEB. 

VIII. Tpuxomuste tepatsi (pic. 1 3) — noppexqenus OLMHOUHEIX HIM COnn- f 
*KCHHDIX MOveK C HeOPasBUTbIMM JIMCTbAMH, BbI3bIBaeMble TEMMKPHNTONAapa3sH- 
THuecKHMH Itonididae (Boucheela, Rhopalomyia navasi Tav. u yp.). Kaxkzy1o 
MNOUKY MopakKaeT OfHA JMYMHKA, CO3alollaA B OCH MOJOCTb C IpHBeplllHHHbIM 
oTBepcTHem. Bokpyr Hee oOpa3yeTcA y3Kaad 30Ha HYTPHTHBHOM MapeHxHMBl. 
Ha moBepxHoctu TepaT dopMupyercsA rycTOH NOKPOB H3 JWHHHBIX BOJIOCOBHA-} 
HbIX TPHXOM. 
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IX. Ilouxosble Tepatompl (puc. 1 H) —caoxkHble NoBpexkeHHA MHOFHX 
Movek C ABEHHAMH SacikMalluu, C AHaPXH3MPOBaHHbIM paspacTaHHeM HM C KaTa- 
Ma3MaTHyYeCcKOH OpraHH3allvei, BbISbIBAeMble 9K30- H reMHKPHMTOMapasuTuye- 
ckumu Eriophyidae. Beueyctsve ux cocania COW KeHHbIe MOUKH paspacTaloTca 
_M CpactaloTcA, HepeKO OJHOBpeMeHHO C 3THM IIpouMdepupyloT Mepusepma u 
_ Kopopasi MapeHXHMa IIpHJieraioulux yuacTKoB cTe6sia. Mopdonornueckue OTWM- 
ale YelllyH HM OCH MO¥KH TepsloTcs. Bokpyr BHYTPHTKaHeBbIX SHAOCTAaMl Kue- 
Jue OOpasyloTcA Oar BTOPpHYHOH MepHcTembI. SuugqepMuc Nouek yacTo obpa- 
3yeT TPHXOMBI, HIM MpomMdepupyert, HIM %Ke KMeTKH ero runepTpodupyiwtcs, 
Kak H KJI€TKH OCHOBHOM Mapenxumbl. I]poBoxaulaa cHcTema TepaToM mpefcras - 
JieHa (pparMeHTaMH MpoBosAlleli CHCTeMbI MoveK, HepeAKO cTe6H HW BHOBb Auc- 
| epeHIMpOBaBINMMHCA CIMpasIbHbIMH cocyqaMH HU TpaxeHyamu. Cre6seBoii 
KaMOHM B palioHe TepaTorenesa OTKabIBaeT KJleTKH THIMa MapeHXHMHbIX. CKJle- 
PeCHXMMHble BOJIOKHa pH OOpa3s0BaHHH TepaToMbl paspyuiaioTca. Ha nopepx- 
- HOCTH TepaToM HaOJOfaeTcA ONpoGKoBeHHe. OpraHv3allMOHHO MOuKOBbIe Tepa- 
_ TOMbI CpaBHHMBI C TepaTOMaMH 2KMBOTHDIX M YeOBeKa. B naToorHueckolt aHaTo- 
“MH MocJeqHAX MO TepaTOMaMH MOHMMAIOT CMellaHHble Ol yXO/JeBHAHbIe oOpa- 
| 30BaHHA, BOSHHKIUIHe BCJeCTBHe HapyllleHHa tpOpMHpoBaHUA TKAaHeli B 2MOpHoO- 
' reese (*). Bawmxke moukosble TepaToMbl HaNOMHHalOT raMapTOMbI, KOTOpbIM 
| CBOHCTBEHHO HelpaBHJIbHOe COOTHOLIeHMe TKaHel Ip pasBuTHH, 
| B 3akuloueHHe yKaxKeM, 4TO MHOrHe TepaTbl OLHOFO THIa HMeWOT HEpOCTBeH - 
“HbIX BO3OyAHTeIeH. ITO roBopuT oO MowHpueTHYeCKOM Mepexose K OOHTAHHIO 
_B MouKaXx, MpeBpallleHHbIX (uToaramu B Mpollecce SBOMIOWMH Mapa3snTapHoli 
‘CMeWMMHYHOCTH B FOcTaJIbHble OHOTOIbI C pa3sJIMYHbIMH SHocTalluAMH. Croco6- 
HOCTb K Mpowudepauun HW MeTallia3sHH, Ooratble MHTaTe/JIbHbIMH BelllecTBaMH 
’ MepHcTeMa H MapeHxuMa, a Tak>Ke pA, Apyrux ocoGeHHOocTeH MoveK (HX BJla- 
TOHOCHOCTh, BO3MOXKHOCTb YKPbITbCA B HHX HT. J.) H IpHBJieKJIH K MouKaM TepaTo- 
oOpa30BaTeeH —OObIuHO IIPHMHUTHBHHIX IpelcTaBUTee CBOHMX OTpALOB. PuTo- 
aru, cTaBulve BO36yAHTeIAMH MOUKOBbIX TepaT, He BIMHpaloT, HO IIpolBeTaior, 
4TO MOLKpelAeT B3rIA, Ha MOYKH KaK Ha 9BOVIOWMOHHO BHITOAHbIe 9KOJIOrHye- 
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SOOJIOLH 


M. H. KOHCTAHTHHOBA 


POPMHPOBAHHE MYCKYJIATYPbI B IPOLECCE 
MOP®OrEHE3A HARMOTHOE IMBRICATA L. (POLYCHAETA) 


(IIpedcmaeaeno akademuxom E. H. Iasaceckusm 26 1X 1960) 


Bompoc cMeHbI peCHHYHOro ABYXKEHHA MYCKYJIbHBIM B TIpollecce MOpdoreHe3a 
MOMXeT OCBelleH B JHTepaType HegoctaTouHo. IIbiraacb MpoceqHTb MOMeHT 
CMeHbI PpeCHHYHOrO JBHYKeHHA MYCKYJIbHBIM H TMocweyloulee pa3sBuTHe MyCKy- 
JaTypbl y MOuIMxXeT, Mbl HCXOAMIH W3 H3BecTHOrO NosowKeHuA (1), YTO TOKO 
06pa3 2KH3HH AKTHBHOFO OXOTHHKa OOecIiedYHBaeT BCeECTOPOHHEe pasBHTHe KUBOT- 
Horo. Jl usyyeHHA Oblna BbIGpaHa Momuxeta Harmothoe imbricata (cem. 
Aphroditidae), koropas# 4 B JIHYHHOUHOM H BO B3POCJIOM COCTOAHHH Beet oOpas 
*KH3HH AKTHBHOrO OxoTHHKa. MatepHas coOupasica Ha BenomopcKon OnocTaHuMu 
Mockosckoro yHuBepcuterta BecHort 1959 r. [lenaruueckue wH4HHKH H. imbricata 
Ha Pa3JIMUHBIX CTAMHAX Pa3sBHTHA PUKCHPOBAHCh TopAYe CyIeMOH c yKCyCHOM 
KucoTON. [IpenaparTbl H3rOTOB AJIMCb C MOMOMLbIO LeJIJIOHHH-lap apHHOBOH MeTO- 
JMKU, MO3BOJAIOMLeH TOUHO OPHEHTHPOBATh HallpaBJeHHe Cpe30B MeJIKHX OObeK- 
Tos. [IpHMeHamacb OKpacKa 2KeJle3HbIM TeMaTOKCHJIHHOM No Telijenraiiny. 

JIuTepaTypHble aHHble MO BOMpocy O TOM, KaKHe CTpyKTypbl Tpoxodopbl 
oOecleuHBaloT ee J.BHXKeHHe, BeECbMa pa3JIHMUHbI H NPpOTHBOpeyMBEI. 9. Meiliep (°) 
jlaeT CIOHKHY!WO KapTHHy MycKylaTypbl y Tpoxodopst Lopadorhynchus. I. Kopx 
(°), omucaBLIHi (bOpMHpoBaHHe HePpBHOM CHCTeMbl y H4HHOK pogsa Harmothoe, 
OTpHaeT HaHuve y HAX MYCKyJlaTypbl Ha cTaquH TpoxodopyH. Ilo anHEm 
CenTbeuc 4 Bpame (‘) Tpoxodopa He HMeeT MyCKyJ1aTYpbI B IIpAMOM CMBICJIe 3TO- 
ro CJlOBa, HO HMeeT COKpaTHMble 9.ICMeHTHI, MOAOOHbIe TAKOBbIM y MIpocTeHUIHx. 

Ilo HauiMM JaHHbIM, Tpoxotbopa Harmothoe imbricata uMeeT pa3mep oT 
250 go 400u. Pecnnunpiit anmapat tpoxodophi H. imbricata mpezcTaBexH mMpo- 
TOTPOXOM, HeHpOTpOXoM HM cj1aObIM akpoTpoxom. IIpoTtoTpox onoscbiBaeT Teo 
JIMYMHKH 10 9KBaTOpy. PecHHukKH MpoTOTpoxa pacnosox*KeHbl B TPH psa. C ae- 
BOH CTOPOHbI OT pTa B HHKHEM PANY WMeeTCA yyacTOK C MY4KOM JVIMHHbIX, 
HeMO{BUXKHBIX peCHHyeK, WIHHA KOTOPbIX JocturaeT 200 w. IIpototpox aBaseTcAa 
OCHOBHbIM JIBHraTeJleM, OCYILeCTBJIAIONIMM MOcTyMaTebHOe ABH KeHHe JIMYHHKH. 

Ha stoi cralMu 3HepMHc COCTOHT H3 KpyNHbIX KJleTOK, Apa KOTOpBIX 
CPaBHHTeIbHO OeHbl XpOMaTHHOM. TouIbKO B TeM€HHOH OOacTH Tpoxodophl 
audepeHupyloTcA MepBble HepBHble KJI@TKH C MOBbIIIeHHbIM KOJIMYeCTBOM 3e- 
peH xpomatTuna. Tpoxo6sacTbl B O6acTH MpoTOTpoxa HMelwOT OUeHb KpPyIHble 


Puc. 1. MopmupoBanHe MyckysaTypbl H Apyrux cucTem opraHos y AHYHHOK H. imbricata. A — 
CarHTTaJIbHEIH Cpe3 MeTaTpoxodopnl; 5 — cbpoutabHblii cpe3s MeTaTpoxodopy; B — dpoutasb- 
HI Cpe3 mosque HeKTOxeTHI; J — monepeuHbili Cpe3 MO3qHeli HEKTOXETHI. a.k - aKPOTPOX; 
a.4 — aHaJlbHad JIOMACTb; a. — aHaJIbHbIM YCHK; ay — allWKyJla, 6.kK.a.— Oa3albHadA KJleTKa 
alluKy.1bl, 6.4.c — OplOUIHble HEpBHEIe CTBOJIBI, 6a — BakyOJIH B CTeHKe KHINeUHHKa, 6.2 — BepXx- 
HAA Ty6a, 2.0 — rlOTOUHEIe JHBEPTHKYJAbI, 2. K — TaHTAMO3HbIe KI€TKH, 2. & — POOBHOM Mosr, 
2. H. @ — TaHTIMO3HbI€ KI€TKH HeMapHOH aHTeHHbI, O — WHaTOMOBaA BOMOPOCAb, K. K — KuleT- 
KH KHINC4UHHKa, M. @ — MbILIUbI allHKyJIbl, m3 — Me3CHXHMa, M3.3— Me30J@PMAJIbHbI 3aua- 
TOK, M.  — BeepooOpasHble MYCKYJIBHbIe My4KH Mapamoqui, x. 6. m — HenapHan Opiownaa 
MBIIMA, A. @—HWKHAA Try6a, xmp — HeHpoTpox, nm — Maibnbl, n.a— napHad aHTenHa, 
n. 6. M— TlapHasd OplowHad MBIA, XH. 2 — HepB MaJbMbI, 2c — MepucTOMHii, n. m — MomOCTS 
Tela, mmp — MpoTOTpox C TpoxoOacTaMH MIpH OCHOBaHHH, nuy — NHUIeBOX, p. 0 — poToBoe 
OTBepcTHe, cO — cToMOJeyM, c. K —CTeHKa KMIIe4HHKa, C. m — CMHHHbIe MbILIUbI, c. m — 
cTeGeIbuaTbe Tela, uj, — IeTHHKH, i. © — WCTHHKOHOCHBIe MeIIKH, 92 — 2JHTpBI, 
on — 3TMTeHH 
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pasMepbl M CHAaG*KeHb! CoubUIMMH sApamu. Hukakux MYCKYJIbHbIX 9JIeMeHTOB 
lepHHUTHBHOrO xapakTepa y Tpoxodopbi HaGwlofaTb He yfaetcx. IlepBuyHsle 
Me30J[epMaJIbHbIle KJleTKH, MpoOusBosHble 4 d-OmacToMepa, Ha STO CTaMH B He- 
6ONbIIOM KONHYeCTBE paciosaraloTcaA B MepBUYHOM NOsOCTH Tea BOSH aHaJb- 
Hol JonacTH. OHM MMeIOT KpyMHble pa3sMepbl, KpyMuble spa H ObIcTpO pasMHO- 
2KalOTCA, YMeHbIWMAaACh B pasMmepe. 

Meratpoxotopa yBesH4HBaeTcA B pasMepe Jo 500 p No AMHHOH OCH Tela. 
Vimerouecat peCHHuHble MoH YyCHJIMBalOTCA COOTBeTCTBeEHHO pasMepaM Teja 
smunHkKu. TlocrynaTebHoe JBH%KeHHe OCYIeCTBIAeTCA NO-NpexkHeEMy MpoTo- 
Tpoxom. Ha crayquu MetatTpoxodophl (puc. 1 A) MoaBasxeTcA BNOMHe O*opMueH- 
HbIii 3a4uaTOK TOJOBHOTO MO3ra, B KOTOPOM MOXKHO pa3JIM¥HTb PaHTHOsHble 
KJI€TKH, OYeHb OoraTble XpOMAaTHHOM, H IIpOBOA Ale y4acTKH, JIMUIeHHbIe xpo- 
MaTHHa. Byloulb OproliHOH CTOPOHbI MeTaTpOXOophl OOpasyerca TOJICTHIH cyO- 
SMUTeIMAIbHbIM COM TaHrMO3HbIX KJIeTOK, KOTOpble paciosaraloTcaA Np aBHib- 
HBIMH psAjjamMu. I]poposalilve MyTH HepBHOH CHCTeMbI OOpasytoT apy OproulHbIx 
HEPBHbIX CTBOJIOB, paclO/larajoulHXCA Ha HEKOTOPOM pacCTOAHHH [pyr OT Apyra 
(puc. 1 5). Tpoxocopa npeppalijaetca B MeTaTpoxo@opy B TOT MOMeHT, Kora 
y Hee BOSHUKAIOT IleTHHKOHOCHbIe MelKH. C Ka OH CTOPOHbI Tela BOSHHKaIOT 
8 Tlap UleTHHKOHOCHEIX MeIIKOB, KOTOpble pa30BbIOTCA B OyAyive HetponosH- 
aJIbHble H HOTOMOAMaIbHbIe BeETBH Mapanowun. Heliponosquaibyble WleTHHKOHOC- 
Hble MelIKH Bo3sHHKaIoT y H. imbricata HecKobKO paHbllle HOTOMOLMAJIbHEIX. 
Meso0jepMaJIbHbI 3a4aTOK Ha 9TOH CTaMH OKa3bIBaeTCA BbITAHYTHIM JBYMA M0- 
JIOCKaMH BOJIb OpIOuIHOH CTOpOHBI Tea. KeTKH, COCTaBJIAIOMIHe 9TH MOJIOCKH, 
JI@KaT PbIXJIO, OCOOeHHO NO KpaxM, HW MpelcTaBIAIOT COOOM Me3eHXHMHYIO TKAaHb 
(cm. puc. 1 A u 5). Bokosble cTopoubl CTeHKH Tesla H CIIMHHaA ee MOBepXHOCTb 
JIMIMeHbI KJIeTOK Me3eHXHMBI. Me3eHXHMHble KJIeTKH OpIOWIHOM CTOpOHbI HadH- 
HaloT MlocTeMeHHO OOpacTaTb BO3HHKalollve B 9KTOJepMe WLeETHHKOHOCHHIe MellI- 
KH. Ilo mHeHu1o Kopua (°) u Mentoua (°), Me3ojepMasIbHblie (Me3eHXHMHbIe) 
KJleTKH HHYUHpylOT CerMeHTAaLHIO SKTOJepMbl, le BOSHHKAIOT MepBble WleTHH- 
KOHOCHble KJIeTKH. OHaKO BPA JH NpaBHJIbHO ObINO Obl CUHTATb, 4TO GecnopsA- 
JOUHO PacioO*KeHHble CTPpyKTYPbl Me3eHXHMbI MOTYT CTHMYJIMPOBaTb BOSHHK- 
HOBeHHe yIOpAOYeHHIX CTPYKTYP IKTOMeEpMbI (raHrIHOSHble KeTKH OprowiHoro 
HepBHOrO CTBOJIa HM WlCTHHKOHOCHbIe MelIKH). Mbl npHcoeqHHAeMcA K MHeHHIO 
I]. I]. Mpanosa (*) 4 cuuTaem, YTO MeTaMepHA BOSHUKAeT 9K3OFeHHO. 

K 9TOMY BpeMeHH (HOpHIApHble OTPOCTKH Me3CHXHMHBIX KJIeTOK, COCTAaB- 
JIAIOULUX OpIOWIHble MOOCKH, BLITATHBAaIOTCA BAOJIb raBHOH OCH JIMYHHKH H M0- 
CTelleHHO (OPMHPYIOT MpOOJIbHbIe MYCKYJIbHbIe JICHTHI, eKall\ve MapaseJIbHO 
OprOwIHbIM HepBHBIM cTBONIaM. Y MeTaTpoxodopbl B OOacTH CKJIa.KM CTOMOJey- 
Ma BOSHHKAIOT IlapHble rloTOUHble JHBepTHKyuibl (cM. puc. 1 A u SB). 

Panuas HekToxeta H. imbricata qocTuraeT B AuMHy 600 p u xapakTepH3yerT- 
CA TeM, 4TO IeTHHKH HelpoOnosHaJIbHbIX BeTBeH TOPuaT HapyXKy, XOTA Mapaiio- 
HM Ha STOW CTaQMH elle JIMWIe€HbI BOSMOXKHOCTH BuraTEcaA. Ha snuctbepe MoxB- 
JIAIOTCA OKPYIvible 3a4aTKM AHTeHH H Mab. IIporoTpox paHHeli HeKTOXeTHI pa3- 
BHT HaCTOJIbKO, YTO MOXKET elle MOMepXUBATb TeNO JHYHHKH B TOJMLE BOB. 
TonoBHol Mo3r paHHeli HekTOXxeTb AudbdepeHiiMpoBan Ha oTenbl. Tepeqnuit 
MO3r HeceT HepBbl K KPyIIHbIM NaibiamM. CpelHHuH MO3r HMeeT XOPOWIO pasBUTble 
cTeGesIbuaTbie Tela (corpora pedunculata). CpeqHuit Mosr MHHeEpBUpyeT aHTeHHEL 
H Tyiasa, SaHui Mo3r Ha 3TOH cTayquM pa3sBUT cma60. OKxoslopoToBble KOHHeK- 
THBbI OTXOLAT OT BEHTPaJIbHOM 4YaCTH CpefHero oTfema Mo3ra. MHTeHCHBHO pa3- 
MHOKaroulWecA Me3eCHXHMHble KJIETKH MOCTeMeHHO pacHosaloTCA BAOb CTeHOK 
Tela paHHell HeKTOXeTHI. OTebHbIe KIeTKH MepenomsaloT K CMHHHOM cTO- 
poHe JIMUMHKH, a Tak%Ke paclomaratoTcA Ha cTeHKe KuwedHHKa. LleTHHKo- 
HOCHBI€ MelIKH OKa3bIBalOTCA OfeTBIMH B YeXJIbl 43 MEXCHXHMHBIX KsleTOK. Muo- 
re MeseHXMMHble KJIETKH MMeIOT (PHOPHVIAPHble OTPOCTKH pa3JIMYHOH IVIMHBI. 

Tlosquaa HeKTOXeTa sBAAeTCA MocnemHeli cTaqueil mM4MHKH, OOuTarOIIelt 
B Tove BoA. [losqHad HeKTOXeTa JocTHraeT B ANuHYy 700 wp. Ha stow cranun 
JIMUMHKAa MpHoOperaeT cnoco6HOcTb ABHTaTbCA C MOMOUIbIO Napanosnit HM BOJHO- 
oOpasHo usruGaer Teno. MyckyslatTypa, ocytlecTBAAIONLad JBuXKeHe Mapalio- 
234 . 


i ee 


i dl ti, ae 


AHH HM M3sruOaHHe Tela, Ha STO cTalun pasBUTa ye O¥eHb xopomlo. BpwmnaAd 
MpooObHad MycKyJlaTypa pacioaraetca Tpema JeHtamu (pc. | Bu I). UBe 
CPpaBHUTebHO WIHpOKHe JIeHTbI MBI MpOXOLAT apaJiedbHO OpIOUIHbIM HepB- 
HbIM CTBOJIAM. OTH [Be JIeHTbI OpIOWIHbIX MbILIM MOrpyKeHbl B MpOMOAbHble Ka- 
HaJIbl, MpOXOA Ave B raHrIMO3HOH KseTOUHO! Macce, KOTOpad OKpyxaeT Oproul- 
Hble HepBHble CTBOWIbI (puc. | J). 

Ilo cpefveli MHUuM Tea, MexKYy OpIOWHbIMH HepBHBIMH CTBOWIaMH, pacroa- 
raeTcH y3kaa HellapHas (TpeTbA) MpofobHaAd MbllewHad seHTa (cm. puc. | B 
uJ). Myckyslatypa, yipaBasoulad (BYxKeHHeM Mapanoguli, cocTOUT u3 MapHbIx 
BeepooOpa3sHbIx IYyYKOB, HMeIONLHX aAHTarOoHHcTHyecKoe JlelicrBue. Kayan 
Mapanoud UMeeT Ha STO CTAHM [Ba BeepooOpasHbIx MyyKa. OLMH My4OK B Te- 
pewHei HM OJMH —B 3ajHeli uacTH napamogquu. CoKpamlenve MepeqHero MyuKa 
TONKaeT Mapanoxuto Bilepe, cOKpallleHHe 3aqHero — Hasay. CBOMM LIMpOKHM 
OCHOBaHHeM KaKbI BeepooOpasHblii NyyOK MpHKpelieH BOJH3H OT HeMapHoii 
OprouWIHOM MbIMeyYHON JeHTI (cM. puc. | B). Konnueckaa sacTb Wy4Ka MpHukKpell- 
JideTCA K OCHOBAHHIO Mapanozun. Kpome Toro, napanoqua HMeeT MycKyulaTypy, 
yp aBJIAIONLy!O [BHXKeHHeM IyuKa WleTHHOK. STO Ily4KH MBI, IpHKpelleHHbIe 
C OMHOM CTOPOHHI K OCHOBAHHIO allHKYJIbI, a c Apyroli —k cTeHKe Mapano_uu 
(cm. puc. 1 B u J). Cokpatienne 9THX MBI 3acTaBsAeT alMKYyJIy BMecTe Cc Ilyy- 
KOM Ie€THHOK BbICTaABJIATLCA 3a Mipesetbl Napanosquv. DHOpHNApHbIe OTPOCTKH 
‘Me3e€HXHMHEIX KJI€TOK CIHHHOM CTOPOHbI Tela COeqHHAIOTCA B [Be CNHHHbIe 
IIpOAOJIbHbIe JICHTbI MBI, KOTOpble MO TOJIHHe HW WIMpHHe HeCKOJIbKO ycTy- 
MatoT MpOOJIbHBIM MBIWIMaM OpiouiHOH cTOpoHsl (puc. | J). MesenxuMa No-Ipex- 
HeEMY JIeXKHT OYeHb PHIXJIO H He OOpa3syeT CNJOWHON BbICTHIKH MoOOCTH Tema. 
Ha dTo cTaqun JMYMHKAa COpachiBaeT MpOTOTpOX H Me{WIeHHO Morpy?KaeTcs Ha 

HO. Ilpu 9Tom oHa SHeprH4yHO paboTaeT MapaloquAMH MH BOTHOOOpa3HO U3rH- 
OaeTcA, MbITaHch yilep*KaTbCA B MOBePXHOCTHBIX COAX BOLL. Bce sTO BpeMaA 


_ JIMUMHKA OCTaeTCA BOCbMHCerMeHTHOHM. ToJIbKO Ha WHe, CIlyCTA HeEKOTOpoe Bpe- 


MA, Y Hee HAYHHAIOT NOABJIATECA MOcTIAapBaJIbuble cerMeHTbI. JlambHelitee cop- 


| MupoBaHHe myckyviatypp! H. imbricata na6moqaTb He yyasoc. 
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Bce cKa3aHHoe MosBouAeT Cheat Cilelyroulve BbIBObI. Tpoxodopa H. imb- 
ricata HMeeT XOpOUlIO pasBHTbI peCHHUHBIM allapar, MpucmocoOeHHbIit K AKTHB- 
HOMY MaHeBpeHHOMY JIBH2KeHH!IO B TOUIIe BOAbI. Kakve-H60 MYCKYJIbHbIe 9JIe- 
MeCHTHI JesbHHHTHBHOTO xapakTepa y Tpoxodophl oTcyTcTByroT. Hactafun merta- 
TPOXOMopb! OTJleIbHbIe Me3eHXHMHble KJIeTKM OpIOWIHOM CTOPOHI Tesla mpHoOpe- 
TaloT (HOPHJINAPHble OTPOCTKH, KOTOPble COeEMMHAIOTCA B MpOMO/IbHble MbIWeY- 
Hble JIeHTbI. OfHaKO NocTyMatesbHoro JBHXKeHHA 9Ta MyCKyJaTypa He oOecre- 
quBaeT. J[BuxKeHHe MpOvCXOJUT MO-MpexkHeMy C MOMOMIbIO pecHHYeK MpoTOTpo- 


xa. JimuMHKa mpHMoOpeTaeT cnocoOHOCTb JBMTaTbcA C MOMOMLbIO Napanoxqul u 


BoNHOOOpasHoro HsrvOaHHA Tela Ha CTaqMu MosqHeli HeKTOXeTHI. Ha Bcex usy- 


" 4eHHBIX HAMM cTaquax pasBuTua H.imbricata MeseHxuma paciouaraetca pbIxJO. 


CTeHKH Tela HMeIOT HellpaBHJIbHble CXH30IleIbHble MIpOcTpaHCTBa, JIMUIeHHbIe 
SMUTeIMAaAIbHOM BLICTHIKM. STHM pasBuTHe Wenoma H. imbricata cynyecTBeHHO 
OTMM4aeTCA OT MOMOOHOM KAPTHHbI y Apyrux nomxer (4). 

Tlompsyiocb cylyyaem, 4TOObI BLIPAsHTb TyOoKy!o0 OslarofapHocTb mpod. 


,E. M. Xeticuny u Bcem coTpyfHuKam MaOopaTOpuM OAHOKMeTOUHbIX KUBOTHBIX 
-Wuerutryta yutonorun AH CCCP 3a smo6esHyio NOMOUIb B OCBOeHHH [eJL0- 


WMH-NapapuHoBOoH MeTOAHKH. 


Mockosckuit rocyfapcTBeHHbIii yHHBepCHTeT Tlocrynuno 
um. M. B. Jlomonocosa 12 IX 1960 
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Jlornagp Akagemun nayk CCCP 
1961. Tom 137, Ne 1 


PH3HOJIOLHA 


aA. A. BHHHHKOB u M. M. COKOJIOBA 


COPBLLUA BUTAJIbBHOrFO KPACHTEJISA BOJIOCKOBbIMH KJIETKAMH 
KOPTHEBA OPFAHA YJIATKH MOPCKOM CBHHKH B YCJIOBUAX 
OTHOCHTEJIbBHOrO NOKOA H 3BYKOBOrO BO3AENCTBHA 


(IT pedcmaeaeno akademukom H. H. Ill maaseaysenom 9 VIII 1960) 


B pa6ote A. A. Bunnuxosa u JI. K. Tutosoit (*) 6bl0 O6Hapy2KeHO 3aKOHO- 
MepHoe OTIM4He B XapakTepe FpaHYJIAPHOTO OTMOMKeHHA MpW2KU3HEHHOTO Kpa- 
CHTeJIA B BOJIOCKOBbIX KJleTKaX KOPTHeBa OpraHa B YCAOBHAX 3BYKOBOrO BOSsJel- 
CTBHA, KOTOPOe CBHJeTeIbCTBOBAIO O JeHaTyPalHOHHbIX CIBHrax, MpoTekalo- 
ulHX B HX MpoTomia3sMe BO BpeMA BOSOyKeHHA aleKBaTHbIM pa3f[paxKUTeJeM. — 
Co Bpemeuu pa6ot UemGepca u Pnocyopdha (*) I. H. Haconos u ero corpyz- 
HHKH (°~7) pH MOMOULA COpOLMOHHOK MeTOAHKH (*) NoKa3amH, 4YTO MpoToNasmMa 
KJI€C10K CaMbIX pa3HOOOpasHbIX TKaHeli MO%KeT HelMocpefcTBeHHO JeHaTypupo- 
BaTbCA HealeKBaTHbIM 3BYKOBbIM CTHMYVIOM. IIpH STOM KpuBaxA COpOWMH TKaHel, 
BOSOy2KJeEHHbIX 3BYKOBbIM BO3JeHCTBHeEM, B lipeflesax CJIBILHMbIX 4acTOT OOHA- 
pyXXHJla onpeseseHHoe CXOACTBO C ayfHorpaMMOH YenoBeKa. Takum o6pas3om, 
BOSHHKaeT BOIpoc, Kakoe BbIpaxkKeHHe HaXOMMT HeciellMpwyecKkad enaTypa- — 
IHOHHaA TKaHeBaA peakMs!| Ha 3BYK BO BPeMA BO3OyKTeHHA BOJIOCKOBBIX KJIe- 
TOK KOpTHeBa OpraHa, JIA KOTOPbIX 3BYKOBOH pa3paxKUTeb ABJIACTCA afleK- 
BaTHbIM. Jlamee, KaKHM O6pa30M OCYIIeCTBIAeTCA ClelMHYHOCTh 3ByKOBOM 
peaKUHH Ha 3ByK B KOPTHeBOM Ofpralte, eCJIH B ee OCHOBe MeKUT OOMaA Heclle- 
WuupuyecKad JeHaTypalWoHHad peakUus. MH, HaKoHell, B KaKOM CTeMeHH CrO- 
COOHOCTbh HellocpelcTBeHHOH TKaHeBOH peaKUHH Ha 3BYK HCMOb3yeTCA B KOp- 
THEBOM OpraHe, 3BOJIOWMA H yCJIOBHA puOorbl KOTOporo, KaK H3BeCTHO, HallpaB- 
JieHbl Ha BCeMepHylO 3alllHTy OT HellocpecCTBeHHOrO KOHTAKTAa PpellelMTOPHbIx 
BOJIOCKOBBIX KJIeETOK CO 3BYKOBbIM CTHMY.IOM hi ero aeKBaTHOH 3aMeHbI XHMHYe- 
CKHM XOJIMHSprHuecKHM MexaHH3mom (°,!°). Uto6bl OTBeTHTb Ha MOCTaBJeHHbIe | 
BOMPOCHI, ObIIH MpofelaHbl clelyroulve 3 CcepHu OMbITOB. 

B I cepuu cop6uua Kpacuteia (HeiiTpambHoro KpacHoro) HccJeqoBalacb Ha 
10 yaurTKax oT 5 %KMBOTHBIX, HAXOJAMLMXCA B COCTOAHHH OTHOCHTebHOFO MOKOA 
(KoHTpomb) H Ha 10 yauTKax oT 5 *KMBOTHBIX, KOTOpble Mpe{BapHTembHO in 
Vivo NOJBepralHcb 3BYKOBOMY BO3JeHCTBHIO pa3HOH 4aCTOTHI pH OHO HW TOK 
%Ke HHTeCHCHBHOCTH B TeyeHHe 30 mMuH. HH | Yaca. 

Bo II cep xKuBOTHble MpelBapHTesbHO 3a6MBaJINCb HM MocJe ObicTpo U30- 
AWM yIMTOK (’) IpaBad H3 HHX MosBeprasacb HellocpecTBeHHOMY BO3JelicT- 
BHIO 3ByKa pa3HOH YaCTOTbI pH OMMHaAKOBOM HHTeHCHBHOCTH B TeyeHHe 30 MHH. 
vmK | yaca B cbu3sHOOrH4ecKoM pacTBope in vitro, B TepMoctate, pu 37°. JleBan 
YIHTKa — KOHTPOJIbHad — He O3BY4HBasacb, HO TakxKe HAXOMMNaCb B TepMO- 
cTaTe B (pu3sHOMOrMYecKOM pacTBope in vitro B TeyeHHe Toro 2%Ke BpeMeHH. Takum | 
oOpasom, B 9TOH cepuu 10 ynuTOK Nog~Beprancb o3ByynBaHHio u 10 ABAAMHCb 
KOHTPOJIbHBIMH, 

B III cepuu uccneqopanocb BMAHHe Ha COpOUMIO yUTKOM KpacuTeia Mp 
H3MeH€HHM MHTeHCMBHOCTH 3ByKa, HO MpM OfHOH MH TOM 2%ke UacTOTe M NIpH BO3- 
Ae€HCTBHH B TeyeHHe 30 Muu. u | Yaca. 

Aaa I wu II cepwit ompiros Kak in vivo, Tak u in vitro 6blim MpHMeHeHbI 
cHlenyrouMe uactotst: 100, 300, 1500, 2000, 2500, 3000, 7000 ru npn oquHako- 
BOH HHTeHCHBHOcTH — 95 46. B onpirax III cepuu npuMeHsAMcb HHTeHCHBHOCTH 
B 20, 40, 70, 80, 95 16 npu ofuHaKosBoit uactote B 2000 ru: McrouHuKom 3By- 
Ka ABJIAJICH ammapaT 30-10 c quHaMHKOM. PKMBOTHbI€ O3BY4HBAaJIHCb in vivo 
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'B ClleliHaibHbIx OoKcax. Msouupopanubie in vitro yMTKM O3By4MBaIHch B 
TepMocTaTax, B HH3KHX CTaKaH¥YHKax, Ha paccTosHuH 5—7 cM oT HCTOUHMKa 
sByka. Ilepey BbITAxKKO KpacHTeNA OT YNHTKM OTPesamcb OcTAaTKH 8-ro Hep- 
Ba H BCHOMOraTeJIbHuble CTpyKTypbl KOpTHeBa OpraHa — pelicHepoBa MemOpaHa, 
cocyucTai moocka x Zp. Ilocne konopumMeTpHpoBaHuA HHTeHCMBHOCTb OKpac- 
KH O3BYYeHHBIX YJMTOK BbIPaKaacb B MpOleHTax MO OTHOLMIeHHIO K KOHTpPOuIO. 
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Puce. 1. OkpauiHBaemocTb yJJHTKH HeHTpaJbHbIM KpaCHbIM NO BAWAHHEM 
: 3BYKOB Pa3JIHYHOH YaCTOTbI MPH OMHHAKOBOM HHTeHCHBHOCTH (95 76). A — 
i B TeyenHe 30 muy., 5 —sB Teyenne 1 yaca (B MpOueHTaX K KOHTpOJ). 
j 1 — yautka in vivo; 2 — yaurka in vitro; 3 — mpl! Aaryuiku mo Ha- 
f conopy HW PapyounKy (4) 


\ Ha puc. 1 A nouyyennble WaHHble oTMOKeHbI Ha} NowynorapHcMuyec kot 
| wkasie. CnuOWwHO WHHMel / NOKa3aHa COPOUMA KpacHTeJA BOJOCKOBBIMH KJeT- 
' KaMM KOpPTHeBa OpraHa XKHBOTHBIX, IipeBapHTeJIbHO NOLBepraBWIHXxcA Bosleli- 
' cTBuio 3Byka. IlyHKTHpHol uHueli 2 MoKa3saHa COpOWMA KpaCHTeJA BOJIOCKOBBI- 
MM KJieTKaMH KOpTHeBa OpraHa, MOABeprHyTOro BO3eHCTBUIO 8ByKa TMocsie H30- 
> AAWMM yauTKH in vitro. Ha stom %e pucyHKe UpHBeseHa WIA CpaBHeHHA KpH- 
Bad 3, MOJyYeHHaA pH aHaJIOrMYHbIX YacTOTaX M HHTeHCHBHOCTH 3ByKa J].4H. 
_ Haconoppim u K. C. Papgonukom (4) Ha cKeleTHOH MbIILIMe JIATYIIKH. 
: AvaiM3 9THX KPHBbIX OOHApyKUBaeT PAL} HHTepeCcHbIX 3aKOHOMepHOCTeli. 
Bce NpHMeHABIIHeCH 3BYKOBbIe UaCTOTHI Ha IeJIOM XKHBOTHOM in ViVO BBI3bIBaIOT 
B IIpOTONJa3Me BOJIOCKOBEIX KJIeTOK KOpTHeBa OpraHa OlpesesIeHHylO peakUH1O, 
B pe3yJIbTaTe KOTOPOH OHH MOBBbIIMAIOT CBASbIBAHHeE OCHOBHOFO KpacuTeiA — 
HelTpaJIbHOrO KpacHoro. 3ByKoBOe BO3elicTBHe B TeyeHHe 30 MMH. Ip HHTeH- 
' CHBHOCTH B 95 76 u uactote 100—300 ri aBaAeTCA, CyAA MO copOuMu KpacuTema, 
MMHUMaNbHbIM (12%) juin yNTKH, OSByYeHHOM Kak in vivo, Tak H in vitro, 3a- 
TeM COpOUMA KpacHTeNA peskO BospacTaeT pH BosfelicrBuu 2000 ru (32%), 
mocTuras cBoero Makcumyma pu 2500 ru (36%) in vitro u 42% in vivo, nocae 
Yero MpOHCXOAUT pesKoe NajeHHe KPHBOH COpOUMH UH ee OOPHIB Ha YpOBHe OKOJIO 
_ 7000 ru. CnehyeT OTMeTHTL HeECKOJIbKO Oovlee BLICOKMM ypOBeHb COPOWUMM Kpacu- 
_ TeJIA Ip BosfelicTBHH 3ByKa Ha KOPTHeB OpraH XKMBOTHBIX in Vivo, YeM in vit- 
To. Ecam cpaBHuTb KpHBYIO COpOWMH KpacuTesA KOPTHeBbIM OpraHoM C ero cop6- 
Well CKeJIeTHBIMM MBILUIMaMH JATYUIKH{[TNpH BO3LeHCTBHM 3BYKOM aHaJIOrM4HbIx 
| YaCTOThI HW MHTeHCUBHOCTH (“), TO OpocaeTcA]B rasa UX CxoscTBO. YpoBeHb HaH- 
Gomee BbICOKOM COpOUMH KpacHTeJsA H MOABJIeHHe MbILMeYHbIX KOHTpakTyp TaK- 
*Ke MpOUuCXOLUT Mexpy yacroramu B 2000—2500 rm (cop6unsa 28%). 
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3ByKOBOe BoOselcTBHe B TeYeHHe | 4Yaca IIpH HHTeHCHBHOCTH B 95 20 MoKa- 
3bIBaeT pH yactote B 100 ri, MHHMMaJIbHOe CBASbIBaHHe KpacuTessA (puc. | 5). 
3aTeM, C YBeIHYeHHeEM 3BYKOBOM 4aCTOTbI CBASbIBAHHe KpaCHTeA MOcTeleHHO 
HapactTaeT, aBad Noxbembl B OOacTu 300 ru (30%), sarem 1500 rm (40%), u 
jocTuraeT MaKCHMaJIbHOH BeaH4unHE! mpH 2000—2500 ry (52%). Caenosatedb- 
HO, MOCJeqHHe YacTOTb! JIA KOPTHeBa OpraHa MOPCKOH CBHHKH, O3BYYeHHOH B 
TeueHHe Kak 30 MHH., TaK H | aca, RaloT OTYeTJIMBbIM MaKCHMYM COpOWMH Kpa- 
cute in vivo H in vitro, Mocjle yero, HeCMOTpA Ha yBe/IM4eHHe IIpHMeHABLUIUX- 
CH “aCTOT, CTelMleHb COPOWMH KpacuTeIA MagaeT. CorsacHo HeKOTOpbIM Mopdo- 
(bHSHOJIOrH4eCKHM JlaHHbIM, Yactota B 2000—2500 rit Aa yxa MOpCKOH CBHHKH 
ABJIACTCA ECTeECTBEHHbIM 9KOJIOrHYeCKHM IIpeleJiOoM, Mocsle KOTOporo BOCIIpHA- 
THe 3BYKOBbIX CTHMYJIOB HadHHaeT MajlaTb (14). 
CopOuHsa KpacHTeA MbIlleyHOH TKaHH, MoJ- 
BeprHyTOH 3BYKOBOMY BO3JeHCTBHIO B TeyeHHe 
1 uaca, Takxe oOOHapy2xKHBaeT MAaKCHMAaJIbHOe 
3HaueHHe Ha ypoBHe 2500 ru (pwc. 1 5). 

M3mMeHeHHe KpHBOH COpOWMH KpacHTeA pH 
yactote {2000 ri HM pa3sM4HOH MHTeHCHBHOCTH 
moKa3aHo Ha pHc. 2. Kpusasa / noKka3biBaeT Mo- 
cTelleHHOe BO3pacTaHHe copOlWHH KkpacHTeA 
YJIHTKOH, O3By4YeHHOH Kak in vivo, Tak Hin vitro, 
mpu 40—80—90—100 46 (48% in vivo, 40% 

/ ¢ in vitro). OTH WaHHble Tak#Ke coBlaaior c 
40.760 60 100 2006 = =yxonoro-cbu3MOJIOrMyeCKUMH HaOsIOeHuAMH TO 
Aumencubrocms sbyxa BOCIIPHATHIO HHTeHCHBHOCTH 3ByKa y MOPCKHX 

Puc. 2, Oxpammpaemocrs yautkn CBHHOK, 1A KOTOPbIX HHTeHCUBHOCTh 80—90 16 
HeliTpasbHBIM KpacHbim nNoABaAus-  ABAAeTCA HanOoJlee aeKBaTHOH (™). Buusy no- 
HHeM S3BYKOB pa3sJIHYHOil HHTeH- Ka3aHa COPOWMA KpaCHTeJIA MBILMMeH JIArYWIKH 
re (2000 ts ee Midis, (kpuBasx 3), KoTOpad B OOeM MOBTOpseT ouep- 
1 — yaurxa in vivo; 2— yautka T@HHA MpelbllyulMX KPHBBbIX, aBas HanOoulee 
in vitro, 3—mpuuua asrymKu BbICOKMH ypOBeHb copOlMM B Mpeserax 80— 

95 16. 

ConocTaBlleHHe KPHBbIX COpOMWHH KpaCHTeA KOPTHeBbIM OpraHOM YJIMTKH 
MOpCKOH CBHHKH Ip BoSfeiicTBHH Ha Hee 3BYKOM B TeyeHHe 30 Muu. uM | 4aca 
(puc. 1) Kak in vivo, Trax wu in vitro MOoMYMHAeTCA CXOMHbIM KOJIMYeCTBEHHBIM 3a- 
KOHOMepHocTaM. HeckovibKo 6olee BLICOKHH MpOleHT COPOWHM KpacuTesA B yc- 
JIOBHAX BO3JelicTBHA 3ByKa in vivo, 4em in vitro, MoxwKHO OODACHHTB Tem 0O- 
CTOATEJIBCTBOM, YTO B COCTaBe WeNOrO OpraHH3Ma CJIyXOBOe pasfparkeHHe pery- 
JMpyeTCA BereTaTHBHbIM adcdbepeHTHBIM y4koM PacmycceHa, Kak 9TO NMoKasaJu 
OMbITbI C OHOTOKAMH, T. €. CBAZAHO C BO3JeHCTBHEM WeHTPaJIbHbIX YacTeH C1yxo- 
Boro aHaHsatopa (!*). Bospacranve kpuBolt cop6uuu (10%) np BoszelicTBHH 
3ByKa Ha yJIMTKy B TeyeHHe | yaca CBHJeTebCTBYeT O MOBbILWeHHH MeHaTypa- 
UHOHHBIX IIpOlWeccoB B JJIMTebHO (pyHKUMOHHpylOleM KOpTHeBoM opraHe. Ta- 
Koe >Ke MOBbILeHHe HMeeT MecTO H B MbILLUMe JIATYUIKH BO BpeMA JVIMTeIbHbIX 
3BYKOBbIX BO3JeHCTBHH. BMecte c TeM NlOJlyYeHHble HAMM JaHHble MOKa3bIBaiorT, 
4TO XapakTep OOuleli copOlHH KpacHTeA B KOPTHeEBOM OpraHe MOpCKOli CBHHKH 
pH SBYKOBOM BoseHcTBHH B Ipeeax CJIBIMIMMBIX YaCTOT ayAMOrpaMMbl YeJIO- 
BeKa aHaJlOrHyeH copOlUMH KpacHTelA JpyrHMH O3By4eHHbIMH TKaHAMH T03B0- 
HOYHBIX YKHBOTHBIX. ITO OOCTOATeMbCTBO CBHeTeJIbCTBYeT O TOM, 4TO B OCHOBe 
MOJY4eHHOrO CXO{cTBa JlexKAT OMHH HM Te Ke AeHaTypallMOHHble H3MeHeHHA TIpO- 
TOMMa3MbI. OHM MpOTeKaloT B CXOMHbIX KOJIM4eCTBEHHLIX 3AKOHOMepHOCTAX Kak 
MpH OMocpelOBaHHOM JeHcTBHH 3ByKa Ha YJIMTKY in Vivo, 4epe3 pay, Bclomora- 
TEJIbBHBIX AHATOMHYECKHX CTPYKTYP, BKJNO“AA BOMHOBbIe JBWKeHHA OasnsAp- 
HOH HW TeKTOPHaJIbHOH MeMOpaH, MepH-9HAOMUMpbI U paOoTy xowMHIpruyeckoro 
MexaHusma (°,1°), Tak H lip HellocpeACTBeHHOM CTHMYJIMpOBaHHH 3ByKOM H30- 
JIMPOBaHHOH YJIMTKH in vitro, re Bce NepeycJIeHHble JOMOJHUTebHbIe MOMEHTHI 
OTCYTCTBYIOT. 

TakuM o6pa3om, copOuMoHHad MeTOLHKA JelicTBHTebHO OTPaxkaer olpesle- 
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JleHHble CyOcTaHUMOHAJIbHble CABUIM, KOTOpble IpoucxoL,AT B KOpTHeBOM OpraHe 
BO BpeMA 3ByKOBOrO BoOsselicTBHA. EcrecTBeHHO, 4YTO 9/leMeHTbI KOpTHeBa Opra- 
Ha OKa3aJINCb OOJlee YYBCTBUTE/IbHBIMH, 110 CpaBHeHMIO C MbIWIMamMu, K aHaslorH4y- 
HBIM 3BYKOBBIM UaCTOTAaM, UTO BbIPAarKaeTca B yBe/IMYeHMM cTelleHH COpOWMN Kpa- 
CHTeNIA YJIUTKOH. 

Mitak, Bce TKaHH COBpeMeHHbIX MO3BOHOUHBIX, BKJIOUaA KOPTHeB Opral, OT- 
BewaloT Ha 3BYKOBOe BOSelicTBHe CXOMHOM KOJIM4eCTBeEHHOM MH Ka4vecTBeHHOM He- 
cleltupuyecko peakitvell. OqHako WIA BOMOCKOBHIX KsIeTOK 9Ta Hecrenuuye- 
CKad JleHaTypallMOHHad peaKIMA BbISbIBAeTCA 3aKPelHBIUHMCA B TeyeHHe 3BO- 


JOU ajleKBaTHbIM pa3paxKUTesIeM — 3BYKOM. BomockoBble KJIeTKH KOpTHeBa 


OpraHa OTBeuaIOT, IO CYTH jesla, HecMellupuyeckoH OOtlel peakunel — JeHa- 
Typallwelt CBOHX OeIKOB, KOTOPas, OHaKO, OMHOBPeMeHHO XapakTepHs3yeT ee 
ClleWMHyecKkoe cocTOAHHe BosOy2xKeHua. CrelupvuHOcTh peakUMH BbIparkaerca 
B MOBbILMeHHH UYBCTBUTeIbHOCTH K 3BYKOBOMY Pa3paxKHTesIO CO CTOPOHbI 
pelleMTOpHBIX KJleTOK KOpTHeBa OpraHa, OTMHUAIONLMXCA OT APyrux TKaHei, 
HampuMep MbILIM, Ip BosfelicTBHH OMHUX MH TeX Ke 3BYKOBbIX 4YaCTOT HH HH- 
TeHCHBHOcTeH OoJlee BbICOKOH copOuMelt KpacuTea, 

Takum 06pa30M, BO BpeMA SBOJIOWMH KOpTHeBa OpraHa JIA BOSOyxKLeHUA 
BOJIOCKOBbIX KJIeETOK e€CTeCTBeHHbIM OTOOPOM OblJla HCMOb30BaHa MH «OoTOOpaHa» 
COOTBeTCTBYIONMM OOpa30M HCXOHaA TKaHeBan Hecilelluuyeckad peakIHA Ha 
3BYK. OTa peaKIHA, MO Bceii BepOATHOCTH, ONpekemAeTCH XapaKTepOM pe30HaH- 
ca (JeTOHAHH) Ha 3BYK GeKOBbIX NOMHMeMNTHAHDIX Ielei MpOTOMIa3Mbl KJIeTOK 
NO3BOHOYHBIX XKHBOTHBIX. B KOpTHeBOM OpraHe, KOTOPbIli xXOTA CaM Hello- 
cpecTBeHHO in VivO CO3ByKOM He KoHTakTupyet (°, 1°), coxpaHseTca, O1Ha KO, 
HMeHHO 9Ta HCXOJHaA TKaHeBad peakina. MHaue 3ByKoOBOe Ol ylleHue He OTPaxkKa- 
110 Obl AleKBaTHO peasIbHOH JlelicTBHTeJIbHOCTH — SHePrH 3ByKOBOH BOJIHbI. Takoe 
ajleKBaTHOe OTpaxKeHHe 3BYKOBOH SHEPrHH CTaJIO BOSMOXKHLIM O/larolapA PpasBuB- 
IWeMycCA BO BpeMA SBOJIOWMM ueabHOMYy Ipolleccy MexaHH4ecKoro «pe30HH- 
POBaHHA» Ha 3ByKOBble 4YaCTOTHI CO CTOPOHbI BCMOMOraTeJbHbIX CTPYKTYP cpel- - 
Hero H BHYTPeHHero yxa, KOTOPOe MO3BOJIAeT BOJIOCKOBLIM KJIeTKaM BOCIIPH- 
HHMAaTb BOJHOBbIe KOJeOaHuA c TOUHOCTHIO 0 1% WHaMeTpa aToMa Bogopona (3%), 


TIHCTHTYT 9BOIOWHOHHOH (bu3nosiornH um. VM, M. Ceuenosa Tlocrynuso 
Akafemun HayK CCCP 9 VEI 1960 
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Jlorzann AKkayemun Hay F CGCcPe 
1961. Tom 137, Ne 1 
PH3HOJIOTHA 


J. B. KOMP, B MOMJI u fj. M. POCC (D. W. EWER, W. POPLE, D. M. ROSS) 
CY JIbe®rHAPHJIbHBIE TPYNMbl MH HEPBHOMBITNEGWHAS 
AKTHBHOCTb Y BECHO3BOHOUHbIX 


(II pedcmaeaeno axademuxom B. A. JxeeaveapOmom 12 XII 1960) 


KowTosuu (1) MpHBOLUT JOBOALI B MOb3y TOFO, YTO CylkecTByeT TeCHad CBA3b 
M@eKLY CYJIbPrHLPHIbHbIMH TpyiaMH WH aKTHBHOCTbIO BOSOyAHMbIX HU COKpaTH- 
MBIX TKaHeli: CdCl,, 6m0KupyloulHH OOMeH SH-rpynn, yrHeTaeT OTBeT COKpaTH- 
Moro Geka Ha AT® (a), peaKIHH MapaMelluit B OTBeT Ha y/apbl ra/ibBaHuyecKoro 
ToKa (6) H cOKpallleHus Cepia MJleKoMMTaroulHx u ero OKT (B); WHcTeHH H BoC- 
CTaHOBJIeHHbIM ~roTaTHoH (GSH) — BellectBa, coflepxanlHe cBoOosHbIe SH- 
rpylnbl, CHAMAIOT 3TH 3cceKTbI yrHeTeHua. Kamut (uM cepeOpo) uM WucTevH 
OKa3bIBalOT CXOHOe JlelicTBHe Ha BOSOY/MMOCTb Cea/IMUJHOrO HepBa H cOoKpa- 
WeHHA cepa maryuiku (*,°). YnomuHasocb TakxKe 0 TOM, yTO SH-rpynmbl Bo- 
BJleKalOTCA B MeJJICHHY10 TepHOLHYeCKY!O AKTHBHOCTb OeCMO3BOHOYHEIX, Hallpl- 
Mep MOpcKHX aHemoH Actinia equina(‘,*). StH puTMHMyecKHe JBHxKeHHA Oecro- 
3BOHOUHBIX, OOHAPY2KeHHble Ha H3O0JIMPOBaHHbIX MpeNapatax, JIMWIeHHbIX BCex 
adepeHTHBIX BJIMAHHM, 34 HCKJIIOUCHHeM MeCTHBIX, PaCCMaTPHBaJHcb Kak NIpH- 
MepbI «COHTAaHHOM» akTuBHOcTH (°-§), Mbl mpoBepHsH JelicTBHe xOpucToro Kaj- 
MHA, WHeTeHHa H GSH ua Actinia, Ha mpenapatax ronotypuu Cucumaria u 
MOPCKHX aHeMoHax Calliactis. I]pH MakcHMabHOM yKOpO4¥eHHH BCe OHH aBasn 
COKpallleHHA, Wistwech 2 MHH. MU OONlee, a HHOFa PHTMMYECKH COKpalllaJIMCb 
¢ yacToToH 1 cokpamleHve B 10—30 mun. (8-1). Ham xotenocb y3HaTb, B KaKOlt 
Mepe 9TH PHTMHI, IIpOHCXOMALHe B Pes yJIbTaTe B3AHMOeHCTBHA HeCclelupuyeckHx 
BOSOYy2KalOUlHX H TOPMO3HBIX BJIMAHHH, 3aBHCAT OT ZocTynHOcTH SH-rpymnn, uTo 
COOTBETCTBYeT B3IIA.aM, H3JIO%KeHHbIM B padoTax KowTosuta (7). 

Actinia. Hamm sx3emnaappt Actinia equina (a3 nopta Anbdbpeza 
B lOxuok Adpuxe u c Oxuoro Oepera Anrauu), He MOxox%KHe Ha TeX, KOTOPbIMH 
MOMb30BaIKcb X. C. Komtrosnm u H. A. Cmupxosa (*), JaBasiM «cNOHTaHHy1O» 
AKTHBHOCTb KOJIOHHEI H ccpHHKTepa. XJOpucTbId KayMHH B KOHWeHTpaun 1. 10-4 
M yMeubulaJ OTBeTHI Ha pasipaxkeHHe H BbISbIBAaJI HeBOSOyAMMOCTb Yepes 90 MHH., 
a TIpH OoJlee BbICOKHX KOHWeHTpaluax — cKopee. B mMopcKoH Bose BOCCTaHOB- 
JieHHe HacTynasio ObicTpo. Ham pesybTaTbl OTHOCHTeIbHO JelicTBHA WucTeH- 
Ha Ha Actinia, Haxoyatlyioca Mog elicTBHeM KafM¥s, He COBCeM corsacyloTca 
C pexKHHMH JaHHbimu. Llucteny (1. 10-? M) tonbKo clerka CHAMAas KayMHeBoe 
yrHeTeHHe, YaCTHYHO BOCCTaHaBJIMBaA TOHYC, HO He BOCCTaHaBJIMBad AKTMBHOCTD. 
Cam Ilo ce6e ucTeuH (1. 10-3 M) He oKasbiBan HUKaKOro JlelicTBUA, 3a HcKIIOUe- 
HHeM JeHCTBHA Ha FOJIOHbIX 2KMBOTHBIX, Y KOTOPbIX OH BbI3bIBAaJI OTBeET, MOXO- 
KH Ha HOPMAJIbHYIO TMULeBy!Io peakuuio. MbI NpHIIM K BbIBOLYy, YTO HalllM ak- 
THHHM JaBaJIM HACTOJIbKO HeMOCTOAHHYIO AKTHBHOCTb H HaCTOJIbKO pa3JIHuHble 
OTBeTbI Ha PaspaxKeHHA, YTO NOyYeHHble Ha HUX aHHble Helb3A CpaBHHBaTb 
C pe3yJIbTaTaMH, NOJly4YeHHIMH Ha akKTHHHAX UepHoro mops (4). 

_Calliactis. Upenaparst kononnst MopcKux aHemon Calliactis parasi- 
tica MocuJle yaeHuA M3 Tea 2KMBOTHOFO MepHomMyecKH COKpallaloTcsa KaxkIble 
10—30 MuH. B TeyeHHe HeCKOJIbKHX AHell. Ta AKTUBHOCTD OblcTpO H MOJIHOCTHIO 
MOWaBIAeTCA XJIOPHCTbIM KaMHeM B KOHIeHTpauHH Jo 1-10-* M (puc. 1 a, 6) *. 
Mpluuiya Tep seT TakxKe TOHYC, H UpenapaT MpeKpalljaeT oTBeYaTh Ha pasyparxkeune. 
IlucteuH (1-10? M) B n3pectuoli Mepe cuuMaer Jelicraue Kaqmua. IIpu stom 
TOHyc ObicTpo BoccTraHaBumBaerca (puc. 1 6), BOSOOHOBAAeTCA PHTMHYeCKat 
AKTHBHOCTb, OHaKO aMIIHTya COKpallleHHH MaJlO CpaBHHMa Cc aMMuTyZO“ 
CoKpallleHuA MpenapaToB, He NoBepraBIUHXCA 9THM BO3JeHCTBUAM. 


* O70 HCIIpaBiser npexknioio omMOKy ofHoro u3 Hac (°). 
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I]vcTeHH ABMAeTCA CHJIbHbIM CTHMYJIMpyIOUHM BelllecTBOM, BbI3bIBaIOULHM 
HEME] JICHHOe COKpallleHve H MOfbeM (POHOBOrO ToHyca, a TakxKe MepHoyuyecKHe 
COKpallleHHA C YaCTOTOH, IipeBbIalolleli uacToTy coKpallenuili B Hopme (puc. | 2). 
GSH (1-10-° M) sbisbipaer ananoruunbii appexr (puc. 1 ¢). CreqoparesbHo, 
STOT Mpelapat elictByert MO cxeMe, olucaHHoH X. C. KomtoaHuem (},°), u Mo- 

eT ObITb B Ja/IbHelWleM MCMOb3OBAaH B OMbITAX MO U3yYeHHIO NosaBeHusA aK- 
_ THBHOCTH KaJ[MHeM HM ee BOCCTaHOBJeHHA WWMCTeHHOM. 
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Puc. 1. [nutenbuas sanucbh akTHBHOCTH mpenapata KonOHHEI Calliactis. a — 6e3 BospelicTBHA 
B TeyeHve 35 MHH., 3aTem (cTpeKa 1) BBegenne CdCle B KonwenTpamun 1-107* M Bp TeaeHHe 
83 MHH., HM (cTpedKa 2) neficrBHe WHcTeHHrH~poxsopuya (1-10~4 M) ua cboue zeftcraua CdCle; 
6{— 6es Bosyeiicrsua p Teuenve 35 MUH., 3atem (crpeska 1) nelicraHe CdCle (1-1074 M) B Teaenne 
83 MHH. H (CTperKa 2) neficrBHe WHCTeHHrHApoOxsopuga (1-10-3M) B Teyenne 30 muH.; cTpenKa 
3 — OTMBIBaHHe CBexeii mMopcKoH BOOK; 6 — 6e3 Bo3sfelicTBHA B TeyeHHe 40 MHH., 3aTem (cTpewl- 
Ka 1) neficrsue CdCle (2,6-10~4 M) B Teuenve 27 mun. u (cTpeska 2) neiicTBHe BoccTaHOBeHHOrO 
| TamotaTHoua (6-107 M) B Teyenne 20 muH.; 2 — 6e3 BosyelicTBHa B TeyeHHe 56 MHH., 3aTeM 
(ctpenka 1) neticTBHe muctenurugpoxnopuna (1-10 M) B Teyenue 30 mun. u (cTpenka 2) oTMBI- 
PBaHHe CBexKeli MOpckKoli BOZO. OTmeTKH BpeMeHH: a, 6 H 2 — 10 muu., 6 — 15fuu. ¥ 


t 


_ Mot uccneqosam jelicrBHe HM ApyrHX TAKebIX [MeTaM0B C WelbiO BbIAC- 
‘HHTb, He ABMANIOCh JIM JelicTBHe KaMHA yrHeTeHHeM, OObIYHO BBbI3bIBaeMbIM 
TAKENBIMH MeTatamu. IIpH 9TOM Medb, WMHK M KOOaJIbT OKA3bIBaJIM JelicTBHe, 
COBeplleHHO OTJHuHOe OT JelCTBHA KaJIMHA: Melb BbISbIBAa KOHTpakTypy, 
HO aKTHBHOCTb MOJHOCTbIO He MpeKpalllaia; WMHK yMeHblllaJl aKTHBHOCTb, He 
‘MeHAA TOHYCa; KOOaIbT OKAa3bIBaJI TOJIbKO cJlaOoe JlelicTBHe Ha TOHYC H aKTHB- 
Hoctb. LlucteuH Hu OfHOMy M3 STUX SdeKTOB He MpOTHBOetcTBOBa. Takum 
‘06pa3s0M, KayiMUuii JelicTBOBa CBOeOOpa3HO H, CyA MO COBMeCTHOMY JlelicTBHIO 
'€TO C IMMCTeHHOM, BbIBO O TOM, YTO OH JleHcTBYeT rlaBHbIM OOpa3o0M Ha MeTa6o- 
au3m SH-rpynm B SToM Mpemapate, ABIAeTCA BMOMHe OOOCHOBaHHEIM. JIpyruve 
aMuHoKucaoTH — /-rucruqun u /-TpuntodaH —wu BelllecTBa, He cofep2Kallive 
icBo6omHEIx SH-rpymn, Takue Kak WHCTHH M OKHACJIeHHbIM TlOTaTHOH, He OKasbI- 
‘BaloT JelicTBUA MO CHATHIO KayiMMeBOro yrHeTeHHA HallofoOve WucTeuHa. Bosee 
'TOrO, STHJeHMamuHTeTpayKcycHad KucJoTa (QJ[TK) — arexT, oOpasyiomnit c 
‘TSOKeILIMH MeTawIaMH KOJIbIlO — Olarolapx CBOHM KOOpPJ\MHallMOHHBIM CBA- 
3AM He CHMMaeT KaMMeBoro yrHeTeHHa. CileloBaTeIbHO, CHATHe IMCTeHHOM 
(KajMueBoro yrHeTeHia Ha Mpenapatax Calliactis —BbicoKo cmelmpuyeckuli 
Mpollecc, KOTOPHIi Heb3A OODACHUTh CBASbIBAHHeEM KaIMHA, KOTOPOe MOKeT 
ICYULECTBIIATh J106adt AMMHOKUCJOTA HJM BelllecTBO C KOOPAHHAIMOHHBIMH CBs - 
MH, 

IIpenaparst Calliactis coqep2kaT M MbILIMY, H HepB, a NOSTOMy Movly4eHHble 
a HUX adpeKTbI MOXAKHO OTHECTH 3a CueT BOSMeHCTBUA KaK Ha KaK [bd U3 HUX 
3 OTe/IbHOCTH, TaK HW Ha 06a 9TH KomMoneHTa BMecTe. Mcnoib3ya AByxKamep- 
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Hy!0 BaHHOUKY, B KOTOPOM OTeJIbHO MOXKHO NOMBepraTb BOSLeHCTBUIO NOOCKy 
KOJIOHHbI H HaxosAulHlicaA Ha ee MoBepXHocTu raHraui (1°), aBTopbl NoKa3aun, 
uTO KaJIMHi He OJIOKMpyeT MpoBeeHHA HM CNOcOOHOCTH K OTBeTaM BO BCel HepB- 
HOH CeTH, YeM OH OTJIMYAeTCA OT MAHA, NOfaBsArollero MpoBeseHHe B HepBax (”). 
Ha :'ocHoBaHHH 9THX OMBbITOB 
Obl CleaH BbLIBO, O TOM, 4TO 
KayIMHH MW WHcTeHH JeHCTBYIOT 
HellocpeJicTBeHHO H@ MBILIILy, 


er A a BO3MOXKHO —H Ha MHOHEB- 


ey payIbHble coeqHHeHHA. 
‘ {4° Cucumaria. TMpena- 


paTaM peTpakTopa TJIOTKH H 
TIPOJOJIbHBIX MBI FrOOTYpHH 
Cucumaria sykion MoxkHO co3- 
aTb + yCJIOBHA, B  KOTOPBIX 
«CIIOHTAHHaAd» AKTHBHOCTh OyeT 
3HaYHTeJIbHO HH2%Ke MAKCHMyMa 
(8). AKTHBHOCTb MOXKHO yBeJIH- 
6 YHTb WIM YMeHbIUMTb dakTOo- 
paMM, KOTOpble MeHAIOT paBHo- 


BeCHe M@XxKy BO3Oy2KalouluMH 
H YyPrHeTaliouluMH BJIHMAHHAMH, 


aa EE NS Ilostomy ¢ MOMOULbIO XJIOpHcTO- 
t rO KaMHAl MW IkHcTeHHa MO KHO 
Puc. 2, 3anvcv aKTHBHOCTH H oTBeTOB Cucumaria.a— OlMpeevIMTb KOJIMYeECTBA SH- 


JWIMTeJIbHad 3aNHCb peTpaKTOPHO MBB! (BepXHAA) rpynn, o6ycIOBIMBarollHe co- 


M MNpOAONbHOK MBB! (CpeqHAA) B TeyeHHe 3,5 4aC.;  agogHyg B3OyKeHHA H yrHe- 
BpeMA (HHWKHAA Balch) COTMeTKOM yepe3 5 MAH. 


Crpenka 2 — yeiicraue Ha mpenapat CdCle(1-10-4 M); TeHHA sd ccashen shag 

cTpekH 2 1 3 — OTMbIBaHHe MOpCcKOH Bogoli; 6 — OT- IIp paOote No yxKe onucaH- 
BeTbl PeTpaKTOPHOli MBILUMbI Ha MpsMoe SIeKTpHYeCKOe ~HOMY fMeTOAy (°) OOHapy2xKeHo, 
pasqpaxkeHve C 4-MHHYTHBIMH NpOM@xKyTKaMH; BMPO- yo XJOpucrTblit Kaui (1-10-4 


MeXKYTKH MexKy OTBETaMH 2 liCTBO - 
were Mey Crperaw 2 n 3 wagpenapaTReMCT8O” My yreieraet aKTHBHOCTS Kak 
IIpOMOJIbHOH, TaK M peTpakTop- 
HOH MbUUL (pc. 2a). AKTHBHOCTb BOCCTaHaBJIUBaeTCA NOce OTMbIBAHHA KaIMuA. 
Hukakux OKa3aTeIbCTB AHTATOHH3Ma MexKLy KajMHeM MH BelllecTBaMH, cojep2Ka- 
ItMMH cBoOogHbIe SH-rpynnbl, Ha STHX Mpelapatax He OblIO oOHapyxKeHo. 
Cmecu 5. 10-8 M SH u 1-10-8 M CdCl, unu 1-10-§ M SH u 1-10-* M CdCl, 
oOlaaoT TaKOH %Ke yrueraiolle aKTHBHOCTbIO, KaK MH OHH XJIOPHCTHI KaqMHi. 
BoccraHoBJlieHHe Nocse JelicTBHA XJIOpHcTOrO KaJjMHA MpoucxoxHT OpicTpee, 
ecJIM pelapaTbl OTMBIBAIOTCA B MOPCKOH Bole, cofepKallie WucTenH. Lluctenu 
B KOHWeHTpalwun 5-10-? M (mMakcuMasbHaA KOHIeHTpallMA B MOPCKOH Boje 
pH HOpMasbHOH pH uau mpu pH 8,3) u GSH (1. 10-3 M) ne oxaspipator Jelict- 
BHA Ha AKTHBHOCTb, HO HHOra BbISbIBaIOT JIerKOe yBesM4eHHe POHOBOrO TOHYca. 
Hs301MpoOBaHHble TAK PeTPAKTOPHOH MBI, COMepKalllMe TObKO MbIliley- 
Hble BOJIOKHa H OOPbIBKH MOLXOMAMIMX K HHM AaKCOHOB, OTBeYalOT Ha IIpAMoe 
3JIEKTPHYeckOe paspaxkeHue (1pAMOYrOJIbHbIe HMI YJIbCbI JIMTeJIbHOCTbIO 2 MCeK. 
H MHTeHCHBHOCTHIO 2—4 B). ITOT OTBeT He MosBepraeTcA BO3eHcTBHIO Kypape, 
HO yYrHeTaeTCA XJIOPHCTIM KaMHeM B KOHUeHTpauun | - 10-4 M (puc. 2 6) uw NogaB- 
JIACTCA XJIOPHCTHIM KaJIMHeM B KOHWeHTpauuu 1-10-3 M; B Tom culy4yae, ecu | 
BpeMA elicTBHA KaIMHA MpeBbutiano 10 MHH., MOMHOrO BOCCTaHOBJIeHHA He Ha- | 
cTynano. YrHeTeHve 3TOrO OTBeTa XJIOPHCTHIM Ka{MHeM He yMeHbUlaeTCA pH BHe- 
CeHHH WucTeuna (5-10-° M). Takum o6pa3om, cyulecTByeT IpsMmoe JelicTBHe Kaj- 
MHA Ha STY MbBIIIILy, a BOMpoc O TOM, OKa3bIBaeT JIM KAMHM Take JelcTBHe U 
Ha MHOHEBPaJIbHble COCMMHEHHA, HACTOAMeH MeTOAMKOH HCcielOBaHHA He MO- 
*KeT ObITh petlieH. CreqoBatetbHO, Ha Cucumaria He 6bII0 o6HapyxKeHO CBaA3H 
MexKIy MeTaOoIH3Mom SH-rpynn 4 mepHoxwuecKHMM UMKJaMu BOsOyxKeHua H 
yrHeTeHuA, TpakTyemol X.C, KomirosHieM B KavecTBe OCHOBHOYO CBOMicTBa pHT- 
MHYeCKOH AKTHBHOCTH GeclosBOHOUHEIX. He ucKs104eHa BO3MOXKHOCT, 4TO IIps- 
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Moe JelicTBHe KayMUA Ha MbILILy MoxKeT MaCKHpoBaTh Apyrue sexkTb!. OnHako 
_ HECOMHEHHO, TO CTHMyJIMpyroliiee JelicTBHe UWNcTeHHa uu GSH ua cpolicTBeH- 
HYy10 3THM IipellapaTaM akTHBHOCTb OTCYTCTBYET. 

Touwka Npu¥soKeHHA MH CNOCOO BO3ReHCTBHUA KaZ- 
MMA, OTH anHble cOJepxKaT HeKOTOpble MOKasaTebcTBa Toro, TO KalMuli 
AelicTByeT HeNocpeJCTBeHHO Ha MbIIMLy, aHe Ha HepB, MockoubKy Mba Cucu- 
Maria OKa3bIBaeTCA HeBOSOyAMMOH, a HepBHad MpoBoguMmocts Calliactis He 
MlofBepraeTcsA BOSMecTBUIO KayMusa. Kpome Toro, M3BecTHO, 4TO KaJIMHit MosaB- 
AdeT CepfewHble cOKpallleHHA, He Hapyiladt akTHBHOCTM cuHycHoro ys3ua (4). 
C apyrou cropoubl, Kaymuli ObicTpo GOOKUpyeT MpoBeeHve BOsOyAKeHHA B U30- 
JIMpOBaHHbIX HepBaX JIAPyUIKM, MpaBla B OYeHb BbICOKHX KOHMWeHTpalluax 
(1-10-? M) (?). Hamu Opinio MoKa3aHo, TO Mpenapar celaiMINHBIit HepB — uKpo- 
HOKHAA MbIUIMa Xenopus laevis craHoBHTCA HeBO3OyIMMbIM Yepes 2 yaca Nocwe 
oOpa6oTKH ero XJIOPHCTbIM KaMHeM B KOHUWeHTpauuu 1-10-4 M. B orauuue or 
-Cucumaria, MblilieyHble BosIokHa Xenopus He OTBeYaIOT Ha IIpAMOe 9/IEKTPHYeCKOe 
pa3qpaxKenHe Mocle Toro, Kak Hcuesaer OTBeT Ha HellpAMOe pasyqpaxkeHte. Kpome 
TOrO CefaJIMUHbIM HepB COXpaHsAeT BOSOyIHMOCTb B TeyeHHe 4 4ac. B pacTBOpe 
_xJlopucToro Kaymua (1-10-? M), nockombky ToucTHIi snuHeBpaJbHbIM co cny- 
KUT B KauecTBe Oapbepa. Takum o6pa3om, c MepBoro B3risya KaxKeTCA, UTO Kall- 
MHU JeHcTByeT Ha HepBHOMbIleuHble COeHHEHHA STOFO Mpelapata, XOTA MOKHO 
TIPeMMONORKUTh, 4TO ero BOSLeHCTBHIO NOABepraltoTcA H TOHKHe BeTOUKH Cela/IHI- 

HOrO HepBa. 
Hecmotps Ha TO, 4TO KayMHeBoe yrHeteHue y Calliactis uacrHuHO CHUMaeTCA 
/ BelllecTBaMH, KoTOpble HMeloT cBOoOosHble SH-rpynmbl, KaqMHeBoe yrHeTeHHe 
_ Cucumaria 9THMH BellecTBaMH He CHuMaeTca. Ha mpenapate Xenopus KalMue- 
Boe yrHeTeHHe Tak?Ke He CHHMaeTcA WucTeHHom (5-10-* M), Ho mpH ofHOBpe- 
-MeHHOM BBeJleHHH WHcTeHHa HM XJIOpHcTOrO KayMHA yrHeTeHHA He HacCTyMaer. 

OueBHHO, TOJIbKO KaKHe-TO MHOHeBPaJIbHble CHCTeMbI B CBOeH AKTHBHOCTH 
M cioco6HocTH K OTBeTaM 3aBHcaT OT SH-rpynn. Heo6xoxumpt anbHetuue 
| cpaBHuTelbHO-usvosorHyeckHe HCCielOBaHHA WIA TOTO, UTOOBI BbIACHHTH, 
HaCKOJIbKO YCTaHOBJIeHHOe COOTHOLIeHHe MexKLy KOIMYecTBOM SH-rpynn 4 dyHK- 
IMOHAIbHBIM COCTOAHHeM MIpHMeHHMO K pa3JIHYHbIM MHOHeBPaJIbHbIM CHCTeMaM 
M COCTABJIAIOWIMM HX uacTAM. CylelyeT Take y4ecTb HOBble CBeeHHA O AelicT- 
BHH JBYXB@JIeHTHbIX MeTaJIJIOB Ha COKpaTHMOe BelleCTBO, 9KCTparHpoBaHHoe 
ryIMMepHHOM 3 MbMUUbI (1%). 

PaccmotpeB 3TH pe3syJbTaTbl B CBeTe OOUeH MpOOJIeMbI IpHposb Tak Hasbl- 
“BaeMOH <«CHOHTAHHOM» aKTHBHOCTH HepBHOMBILIeYHbIX OOpasoBaHHii, MOXKHO 
MpeAMOMOKUTb, YTO 3TA AKTHBHOCTh B JleHCTBUTeJIbHOCTH MOXKeT ObITh CBASAHA 
KaKHM-TO 06pa3om c MeTa6omu3Mom SH-rpymn y akTHHMH, HO y rouoTypHi 9Ta 
CBA3b OTCYTCTBYeT. TpyHO OxKULaTb, YTOOb! OLMH (hakTOp MeTaOOJIH3Ma BOBJIe- 
‘KaJicd B pasHble THIbl COOTHOUIeHHH BOSOyxKTeEHHA — TOPMOXKeHUA, KOTOPbIe 
" OMpelemAOT MelIeHHbie NepHowuyeckHe ABHXKeHHA Pa3JIMYHbIX MKHBOTHEIX, 


Orgjen s300n0ruu PogoccKkoro yHHBepcuTeta Tloctynuo 
TpexamctayH, FOxwxxHaa Adpuka 28 XI 1960 
Orgem 30000rHH YuHuBepcuTeTcKorO KkOJemKa 
JlongwoH, AHrIHA 
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Jloxaanm Akagemun nayr CCCP 
1961. Tom 137, Ne 1 


ITAPA3HTOJIOTHA 


A. M. JIOMYXHHA 


BJIUAHHE TRIAENOPHORUS NODULOSUS PALLAS 
(CESTODA, PSEUDOPHYLLIDEA) HA CEFOJIETKOB 
PAJY)KHOU OPEJIN 


(I pedemaéaeno axademuxom E. H. Haeaoeckum 12. 1X 1960) 


Jin BbIACHeHHA BJIMAHHA MuepowepkouzoB Triaenophorus nodulosus Ha 
OpraHH3M (ope OblIo MpoBeeHO HcceqOBaHHe CeroleTKOB paly2KHOH dope- 
JM 43 yuacrka [leuTpaibHoi 9KcNepHMeHTabHON cranyHH TocHHOPX «Pon- 
ia». PEIObI BLIPAIMBaJIHCb B MaJIeHbKOM IipyZHKe Muioulagqp1~ oKo0 100 mM’, 
IIMTaIollleMcsA HellocpefcTBeHoo H3 TouoBHOrO MIpya, B KOTOPOM LlyKa sapaxke- 
Ha MOJOBO3peIbIMH (POpMaMH yKa3aHHoro NapasHTa. Bcero mpH oceHHem O610Be 
BbIIOBIeHO 100 dbopeel. Bce OHH H3MepAUIHCb, B3BeIMBaJIMCbh, HCCeMOBaIHCb 
Ha HamHune T. nodulosus. C Weblo BbIACHeHHA OOWeH 3apa%KeHHOCTH HccwelLye- 
MBIX pbI6 15 43 HHX ObIIM NOABeprHyThl MoJHOMy MapasHTomorMyecKoMy BCKDbI- 
THIO, elle y 15 MpocMoTpeHbI TOJIbKO KHWeYHHKH, NOCKOJIbKY Ip MOHOM Ma- 
pa3HTOJIOrM4ecKOM BCKPBITHH KpoMe T. nodulosus BcTpeyeHbl CKpeOHH B KHIlley- 
HuKe, JIA ycTaHOBIeHHA BAHAHHA TpHdHOdopyca Ha KPOBb CeNaHbl Ma3KH, 
onpeeseHO KOJIMYecTBO reMormo6vHa. SaparKeHHaA HU HesapaymKeHHad MeveHb 
3aUKCHpOBaHbl JIA THCTOMOrHYeCKHX HCCeqOBaHHH. 

B HacTosilel cTaTbe IPHBOLHTCA He BeCb MaTepHaJl HCCIEOBaHHA, a TOIbKO 
J\aHHble O BJIMAHHH Mapa3HTa Ha pa3Mepbl, Bec, YMHTAHHOCTb HM KpOBb HCcCJielo- 
BaHHBIX pbl6. 

V3 100 cerozerKos pakyxKHo dope T. nodulosus o6Hapyxex y 42 (42%), 
H3 HHX y 7 B HouocTH Tea, y 31 B NeyeHH, y 4 B NeveHH H B NosocTu Tena. Mu- 
TeCHCHBHOCTb 3apaxKeHHA, KaK paBHJlO, He OllpeseiAacb, Tak KaK 3apaxKeHHan 
MeveHb (PUKCHPOBaaCch JIA THCTOMOTHYeCKHX HcceloBaHHH. MoxkHo, ofHaKo, 
MpeANONOKUTL, YTO B OONLUIHHCTBe CIy4aeB OblIM OLHH-Ba napasutTa. MHorga 
OHH HaXOJMJIMCb B CBEPHYTOM COCTOAHHH B YeTKO OTTPaHHYeHHbIX OKPYIVIbIx 
UHCTaX, Yallle MPOHH3bIBaIH NapeHxXHMy NeveHH, OyyyH OKpy2KeHHbIMH CJ10eM 
COeHHHTeIbHOH TKaHH. THOenH OT TpH3aHO*oposa cpeAH UcceqOBAaHHbIX pbIO 
He OTMe¥eHO, 

3 30 ppi6, y KoTOphIx ObIIM HCCJeOBaHbI KHIMesYHHKH, ckpeOHu (Pseudochi- 
norhynchus clavula) Haiigqennr y 24 (80%). CpeqHaAad HHTeHCHBHOCTb 3apaxKeHHA 
18 sksemnuspos. [Ipo6oleHua KMIMeuHHKa M CHJIbHOrO BOCHaJieHHA He OTMeYeHO. 
CkpeOHH ObIIM HalieHbI Kak y pbIO, 3apaxkeHHbIx Triaenophorus, Tak Mu cBO- 
OoqHBIX OT Hero. Tak kak dopeseli, He 3apamenHbIx P. clayula, Obl0 oueHb 
OrpaHHYeHHOe KOJIMYECTBO, NIPHUIWIOCb HCMOJb30BaTb BECb HMEIOMMHCA MaTepHa. 
STO TIpecTaBHJIOCb BOSMOXHEIM OlarolapsA TOMY, UTO IIpH cpaBHeHHH 3apaxKeH- 
HBIX HW He 3apayKeHHbIX CKPpeOHAMH pbIO He OOHapyxKeHO HHKAaKHX pa3sJIMYHH 0 
TeM NOKAa3aTejIaM, MO KOTOPbIM OHH HMelOTCA IPH 3apamxKeHH TpHSHOopycom. 

B ta6n. 1 IIPHBeeHbI aHHble O JwIHHe (TPH Npomepa: L — nowHaa AwaHHa, 
S —jlo kona CpeqHUX Jly4elH XBOCTOBOrO MwaBHuka, / — Jo OCHOBaHHA sy4el 
XBOCTOBOrO IlJIaBHUKa), Bece H YIIMTaHHOCTH 3apaxKeHHEIX H He 3ap axKeHHEIX TPH- 
sHodopycom pbi6. M3 3apaxKeHHbIX B3ATI JIMIIb Te, Y KOTOPbIX NMapasuT o6na- 
py2KkeH B lleyeHH, TaK Kak HaXOJAMIMiica B NomocTH Tena Triaenophorus He Mo- 
#K€T MIPHYHHUTb Takoro Bpefla, KaK IPH JOKaIH3alHH B TeyeHH — opraue, ro- 
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paso Coulee uyBcTBUTeIbHOM. Ha 970, B uacTHocTH, yKasbiBaet u [eypuur (2), 


- OTMe4aA, YTO IPH SITMZ0OTHH B MepBy!0 OYepedb Moru6aoT open c neyeHOuHOH 


@opMok TpHsHodoposa. Baegenuve B TaGHIly MaTepvana Mo topenAM, y KOTO- 
pbIxX TpHSHOopyc MoKasMsupoBasca B OpbhKeliKe, MOTO Obl HapyuIMTb 4eT- 
KOCTb JaHHbIX O BJIMAHHH ero Ha OpraHH3M XO3AHHAa. 


Tao nnimaet 


y 
he L, cM S, cM [, cM or ‘ere 
ppi6 no ®ymbTOHy 
Sapaxkenuble 
pbIObl 35 8,76+0,13.| 8,48+0,11 | 7,6 £0,43 | 5,57+0,22 | 0,94+0,015 
Hesapaxeu. 
pbi6bi | 58 QO ST6r | SORO OF 8,1620,16' 1. 8,9 20,44 4) 0,970,004 
t | | 4,7 | Dye) 2 ON ets 


B ra6. 1, Kpome cpeqHUX BeNHUHH, IpHBeteHbi ux cpeqHHe ommu6KH (o/V n); 
BeIM4YHHA ¢ HeEOOXOLUMA JIA IIpOBepKH JOCTOBepHOCTH pa3sHULbl cpeqHHXx (B aH- 
HOM CJIy4ae pa3HHIbl B AVINHe, Bece H YIIMTAHHOCTH 3apaxKeHHbIX HM HesaparKeH- 
HBIX pbI6). 


Ta6muna 2 


me peneros anne Uccneqopanne Geno KpoBu 
4HCJIO 
oni, remMorso6uH, % eg tg JHMOUHTHI, %| MOHOWUTEI, % bores peor ders 
Sapaxkenuble 
ppiOnl 15 | 42,8441, 44 14 70,9+2,8 20, 22.5 to est REA) 
Hesapaxxeu. 
ppi6nr Mee 40,0 4 3o 14 Sie acel bl 6,8£7;3 6,045 2 
t | | L715 4,9 | 4,8 | 


Jian moctopepHoctu 99:1 (P = 0,01) BenwunHa JomKHa ObITh He MeHee 


Me ke Way eae 
== (°), mle x H xj — NOy4eHHble cpel- 


2,5, Beraucasetca ¢ mo dopmyuie 
V mz + Mm; 
HHe, am HW m, — Ux cpelHue OUIMOKH. 

Kak BHHO u3 Tab. 1, y 3apaxeHnHbIx Triaenophorus dopenei mua M OCO- 
6eHHO Bec 3HA4HTeIbHO MeHbIe TAKOBLIX y HesapaxKeHHbIx. Hameyaetca TakxKe 
TeHJeHUMA K yMeHbINeHHIO KooppulMeHTa yIHTAaHHOCTH Y 3apaxKeHHBIx pbi6, 
OMHaKO pa3JIM4YHA 3feCb HACTOJIbKO He3HauHTeJbHbl, YTO O MOCTOBepHOCTH Hx 
FOBOpHTb Moka Hemb3a. MoxkHo Obi10 Obi LaxKe NpeAMOOHKUTH, YTO STH pas IHGA 
BbIZBaHHI PasHUuleli B AWIMHe 3apaxKeHHbIX MH He3apaxKeHHBIX PbIO (c pocToM pbIObI 
KOSPPULHeHT YIUTAHHOCTH MO?KeT MeHsITBCH ). OfHako IPH CpaBHeHHM cpell- 
Hero Kooxpullventa yIMTaHHOCTH y 3apaxKeHHbIX H He3apayKeHHbIX PbIO OHOrO 


_pasmepa (or 8,5 go 9 cm) Mouy4alorca Takoro %Ke MopAAKa pasMyMA, KaK U 


TIpHBeweHHble B TaOJIMIe. 

B autepatype uMeloTcsd HeoLHOKpaTHble yka3aHHA Ha TO, YTO 3apaxKeHne pbIO 
HeKOTOPBIMH Mapa3uTaMH BbISbIBaeT OTCTABAHHe MX B pOCTe, CHMKAeT Bec M yIIH- 
tanHoctTs (3,4). J] TpexsieToK py¥beBOH M palyKHOH (oped COOTBeTCTBeHHEIe 
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annie npubenentt K. MW. HopuKosol (°), KoTOpaw Ha OCHOBaHHH coOpaHHoro 
el0 MaTepHala MpHXOJHT K BbIBOLY, YTO Y 3apayKeHHbIX pbl6 pasMepbl, Bec H 
YIIHTaHHOCTh HWKe TaKOBbIX y HeSapa2KeHHBIX . 

Pasnuuia B LaHHbIx o BNAHHH T. nodulosus Ha yNuTaHHOCTh open, Mouy- 
yennble Hama u Hopukosoli, OObACHAIOTCA, I10-BHAMMOMY, TeM, 4TO B WUTHPyemMon 
cTaTbe BMeCcTO KoxppULHeHTa yMHTAHHOCTH MpHBeleHO JIMIIb OTHOMeHHe cpel- 
Hero Beca K CpefHeli WIHHe —BeMUHHAa pe3- 
KO YBeJIHUMBalollaacad C yBeJIMYeHHeM pasMe- 
pa ppl6. IIpu BbluncieHuu Ke Ha OCHOBaHHH 
IIpHBeeHHbIX B cTaTbe HoBHKOBOH MaHHbIx 
KosppullHeHTa YNHTaHHOCTH lo W@yabTOoHy 
MosyualoTcsn AIA HCCeOBaHHBIX. e10 dope- 
Jie W3 BCeX IIpyOB MpOTHBONOOKHbe pe- 
3YJIbTAaTbI: YMHTaHHOCTbh 3apaxKeHHbIX pbi6- 
jlaxKe BbIIIIe TaKOBOM y He3sapaxKeHHbIx. 

OHM H3 TNloKagaTeseH OoesHeTBOpHOrO 
BJIMAHHA WapasHta Ha OpraHH3M pblO ABIA- 
eTCAH H3MeHeHHe JeHKOWMTapHOH dopMyJIbI UX. 
KpoBH (°). B uacTHocTH, pH HasIM4HH BOpra- 
HH3Me XO3AHHA BOCIaJIHTeJIbHOTO O4ara, BbI- 
3BaHHOrO Napa3HTOM, KaK IpaBHJIO, yBeJIH- 


Puc. 1. Kaetku KpoBH y CeroleTKOB yypaeTcH MpOMeHT ParowHTHPYyIOUHX I1eMeH- 
palyxHol open, 3ap aKeHHbIX TOB 


Triaenophorus nodulosus. a — 3pu- : : 
TpouH, 6 — AHMouwHT, 6 — MOHOUHT, ¥Y uccueqyeMblx (bopeieH KPOBb Opasacb 


2 —NoJuMopHoszepHplii neiikounT = MacCTepOBCKOM MHMeTKOH H3 XBOCTOBOH apTe- 

PHU, Ma3KH MpHroroBAJIHcb OObIMHBIM 
cloco6oM HM OKpallIMBaJIMcb m0 cnoco6y IlanHexrefima. Temormo6u“H ompeze- 
Jsasica To Camu. JleikouuTapHasa tbopMyma MoscuHTbIBanach MpH MpocmoTpe 
200 jeiiKOWUTOB. 

B KpoBH CeroJleTKOB pally2KHOl (opeH O6HapyxKeHO TPH CPOpMbl eH KOMMTOB. 

1. JIumcouutst (puc. 1 6): HeGombmmMe OKpyrvible KJleTKH C MWIOTHBIM A POM H 
TOHKHM OOOJKOM IIpOTOMIa3MbI; HHOra MpOToMa3sMa MOKeT BOOOMEe OTCYTCTBO- 
BaTb (rosoARepHble JMMOUHTHI). Apo Kpacutes no Ilannexrelimy B posoBaTo- 
(pPHOJeTOBLIH IBeT, NpoToMmmasMa —B CHHHH uM romyOoH. 

2. Moxounts! (puc. | 6): KpymHble KmeTKH c OOuIbUIMM ApoM SoGoBHHOM 
(POpMbI JIM OBaJIbHbIM C HeOombUIOM BbleMKoH. I]na3Ma CHbHO BaKyOJIM3UpoBa- 
Ha, 10 NepHdbepHu KieTKH KpacHTCA B CHHMM UBeT, y A¥pa B romy6oH. Mnorma 
9TO cBeTJI0e roulyOo0e Nowe HAXOAHTCA JIMMIb B OOMaCTH BbIEMKH Apa. 

3. Houwumopdvosgepuble telikountst (puc. | 2): KeTKH HeCKOJIbKO KpylHee: 
JMMPOUNTOB. pO HellpaBHJIbHOM (POpMBI, YacTO C HeECKOJbKHMH JIOMacTAMH, 
HMeeT YeTKHe rpaHHlbl, KpacHTcA B posoBaTO-(pHoueTOBLI uBeT. I]poronmasma: 
royOaa, cBeTad, allle romMoreHHas. 

GepHUcTble JleHKOMATEI'y CerosleTKOB palyxKHol dopewM He OOHapyXKeHbl. 

J{aHHble O KapTHHe KpOBH 3apaxKeHHbIX HM HesapaxKeHHIX pbIO MpHBeseHbl 
B TaO. 2. HeoOxoquMo OTMeTHTH, YTO Ip KOMMYeCTBe HcCseOBaHHbIX pbIO Me- 
Hee 30 3HaueHve BeTMUHHEI ¢ 1O/MKHO ObITh, LIA COXPaHeHMA Toli *%e cTeleHH JO- 
CTOBePHOCTH, HECKOJIbKO BbIlle, B JaHHOM Cylyuae He MeHee 2,98 (?). 

Mayenne Je KoluTapHol (opMy Jb NOKa3bIBaeT, YTO IPH MHBasHH cpopevieli 
T. nodulosus yBeawunBaetca MpolleHT MOHOWMMTOB H CHKaeTCA MpollexT uMio- 
WHTOB;, Tak, Y 3apayKeHHBIX pbIO MOHOMMTOB 20%, aumcouuToB 70,9%, y He3a- 
PavKeHHbIX COOTBeETCTBEHHO 6,8 u 87,2%. Tak Kak pa3JIM4MA B KOJIMYeCTBe FeMO- 
MIOOHHA Y 3aPaxKeHHBIX H HesapaxKeHHIX dopedieli HesHaUMTebHBI, He/b3A 
CKa3aTb, YTO 3aparKeHHe TPHIHO*OPycoM HCCJeqOBaHHBIX PbIO BbISBaJIO YMeHb- 
mleHHe y HAUX B KPOBM reMOro6OuHa, TeM Ooslee, YTO AIA OOeHX py MoKasa- 
TeIM HaxOLATCA B Mpellemax HopMbr (8). 

TakuM o6pasoM, MpoBeseHHble HccJleOBaHUA MOKa3bIBaloT, 4TO Hamuuue- 
B leveHH CerouleTKOB palyxXHol cbopemM MaepowepKoufzoB Triaenophorus nodu- 
losus BbISBIBAeT 3HAYHTeJIbHbIe U3MeHeEHHA B OpfaHH3Me MHBa3HpOBaHHbIX HMU. 
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pbi6. Y sapaxenHblx dbopedei cHwKaeTcA Temn pocTa, cpeqHUli Bec HX 3HaqH- 
TeJIbHO HWKe, YeM y HesapaxKeHHbIx. B Geno KpOBH YBeHUMBaeTCA MpOmeHT 
MOHOUMTOB. Hameuaetca TeHeHIMA K CHW2KeHHIO YIHTAHHOCTH y 3apaKeHHbIx 
pri6. Pasnuuna B KoMyecTBe reMors0OMHAa B KPOBH 3apaxKeHHbIX H HesaparKeH- 
HBIX Popeseli oveHb HE3HAYHTEIbHE, Jia OGeUX UCCeMOBAHHEIX rpyrill pEI6 ro- 
KasaTeIM STH HaxOMATCA B lpeseltaxX HOpMEI. 


TocyapcTsewubili Hay4HO-HCClefoBaTembCKHit =HHCTHTYT Toctynuao 
o3epHoro H peyHOrO pbi6Horo xo3alicTBa («6 IX 1960; 
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